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Abstract

Objective: To investigate the associations among underweight body mass index (BMI),
pregnancy, and obstetric outcomes among women using assisted reproductive technology (ART).

Design: Retrospective cohort study using national data and log binomial regression.
Setting: Not applicable.

Patient(s): Women undergoing IVF in the United States from 2008 to 2013.
Intervention(s): None.

Main Outcome Measure(s): Pregnancy outcomes (intrauterine pregnancy, live birth rates) per
transfer, miscarriage rate per pregnancy, and low birth weight and preterm delivery rates among
singleton and twin pregnancies.

Result(s): For all fresh autologous in vitro fertilization (IVF) cycles in the United States from
2008 to 2013 (n = 494,097 cycles, n = 402,742 transfers, n = 180,855 pregnancies) reported

to the national ART Surveillance System, compared with normal weight women, underweight
women had a statistically significant decreased chance of intrauterine pregnancy (adjusted risk
ratio [aRR] 0.97; 95% confidence interval [C1], 0.96-0.99) and live birth (aRR 0.95; 95% ClI,
0.93-0.98) per transfer. Obese women also had a statistically decreased likelihood of both (aRR
0.94; 95% Cl, 0.94-0.95; aRR 0.87; 95% CI, 0.86-0.88, respectively). Among cycles resulting

in singleton pregnancy, both underweight and obese statuses were associated with increased risk
of low birth weight (aRR 1.39; 95% CI, 1.25-1.54, aRR 1.26; 95% CI, 1.20-1.33, respectively)
and preterm delivery (aRR 1.12; 95% Cl, 1.01-1.23, aRR 1.42; 95% CI, 1.36-1.48, respectively).
The association between underweight status and miscarriage was not statistically significant (aRR

Reprint requests: Jennifer Fay Kawwass, M.D., Reproductive Endocrinology and Infertility Assistant Professor, Department of
Gynecology and Obstetrics, Emory University School of Medicine, Guest Researcher, Centers for Disease Control and Prevention,
550 Peachtree Street, Suite 1800, Atlanta, Georgia 30308 (jennifer.kawwass@emory.edu).

J.F.K. has nothing to disclose. A.D.K. has nothing to disclose. H.S.H. has nothing to disclose. S.C. has nothing to disclose. D.M.K. has
nothing to disclose. D.J.J. has nothing to disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kawwass et al.

Page 2

1.04; 95% ClI, 0.98-1.11). In contrast, obesity was associated with a statistically significantly
increased miscarriage risk (aRR 1.23; 95% ClI, 1.20-1.26).

Conclusion(s): Among women undergoing IVF, prepregnancy BMI affects pregnancy and
obstetric outcomes. Underweight status may have a limited impact on pregnancy and live-birth
rates, but it is associated with increased preterm and low-birth-weight delivery risk. Obesity
negatively impacts all ART and obstetric outcomes investigated.
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As the obesity epidemic continues to plague the United States, numerous reports have been
published and recommendations made regarding the negative impact of obesity on fertility
(1), assisted reproductive technology (ART) effectiveness (2-9), and pregnancy and obstetric
outcomes (5, 10). By contrast, limited and conflicting data exist on the impact of being
underweight (body mass index [BMI] <18.5 kg/m?2), admittedly a less common problem,
on fertility and the effectiveness of ART. A few small studies to date have evaluated

the impact of low BMI on ART outcomes and have not found a statistically significant
difference in underweight women as compared with their normal-weight counterparts (11—
14). Nonetheless, many clinicians recommend weight gain in women with low BMI who
desire in vitro fertilization (1\VVF) treatment based on small retrospective studies that have
reported a lower absolute clinical pregnancy rate among underweight women using ART
(11, 15).

Many clinicians are aware of the association between obesity and miscarriage; however,
existing studies suggest that both extremities of BMI, both underweight and obese statuses,
may be associated with increased miscarriage risk in the general population (16) and in

the ART population (17). Additionally, prepregnancy underweight status coupled with poor
weight gain has been associated with worse obstetric outcomes such as preterm delivery,
preterm premature rupture of membranes, and low birth weight in the general population
(18-21).

To our knowledge, the impact of prepregnancy underweight status on I1\VVF and perinatal
outcomes has not been investigated among a large cohort of ART-conceived pregnancies.
We used National ART Surveillance System (NASS) data from 2008 through 2013 to
investigate the association between BMI and ART on pregnancy and obstetric outcomes.
The overweight BMI categories were included to put the underweight results in perspective.
We hypothesized that underweight status, like overweight status, would be associated with
an increased risk of adverse ART and obstetric outcomes. We also calculated trends in BMI
among women undergoing ART during the 5-year interval.

MATERIALS AND METHODS

The Centers for Disease Control and Prevention’s National ART Surveillance System
(NASS), a federally mandated, validated system that includes over 98% of all ART cycles
performed in the United States, was used to characterize the relationship between BMI
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and obstetric outcomes of ART (22). The National ART Surveillance System (NASS)
includes information from all 50 states and Puerto Rico on patient demographics, medical
and obstetric history, and infertility diagnoses, detailed parameters of each treatment cycle,
and, if applicable, the resultant pregnancy outcome (Fertility Clinic Success Rate and
Certification Act of 1992 [FCSRCA], Public Law No. 102-493, October 24, 1992) (22).
Notably, height and weight were added as collected variables in NASS in 2007.

This study included all fresh autologous (nondonor) ART cycles reported to NASS between
2008 and 2013 with BMI data available. Donor and frozen cycles were excluded to limit the
heterogeneity of the study group and to minimize confounding. Among all fresh autologous
ART cycles from 2008-2013 (n = 602,640 cycles), height and weight were reported for
82.0% (n = 494,097 cycles). Height, weight, or both height and weight were missing for
108,543 cycles; 16.4% of all cycles (n = 98,640) had missing height data, and 16.9% (n =
102,030) had missing weight data. The patents’ BMI was calculated as reported weight in
kilograms per meter squared (reported height) at time of cycle start.

We began by describing trends in BMI over the 6-year study period. The number and
percentage of all ART cycles for which the woman was underweight (BMI <18.5 kg/m?),
normal weight (BMI 18.5-24.9 kg/m?), overweight (BMI 25.0-29.9 kg/m?2), or obese (BMI
> 30 kg/m?) were calculated for each year. Simple linear regression where the outcome was
the percentage and the explanatory variable was the calendar year was used to check for
trend.

Among all fresh autologous I1\VVF cycles for which BMI could be calculated during the

study period (n = 494,097), we described patient and cycle characteristics in each of the
BMI categories. Next, we calculated cancellation rates per cycle and pregnancy outcomes,
namely, intrauterine pregnancy rate and live-birth rate (= 20 weeks) per noncancelled cycle
for which a transfer was performed (n = 402,742 cycles). Among cycles resulting in
intrauterine pregnancy (n = 180,855 cycles), we calculated the miscarriage rate. Among
singleton (n = 126,552) and twin (n = 49,499) gestations, we calculated preterm (<37 weeks)
and low-birth-weight (<2,500 g) delivery rates. A twin pregnancy in which one twin was
<2,500 g was considered a preterm delivery.

Using log-binomial regression to estimate the relative risk, we investigated the relationship
between BMI and pregnancy outcomes, first for underweight versus normal weight, and then
for obese versus normal weight. A similar process was repeated to explore the relationship
between degree of thinness (severe thinness BMI <16.0 kg/m2, moderate thinness BMI
16.0-16.9 kg/m?, and mild thinness BMI 17.0-18.49 kg/m?2) and obstetric outcomes as
compared with normal weight. Of the considered potential confounders (age, number of
prior pregnancies, cycle history, stimulation type, number of oocytes retrieved, use of
intracytoplasmic sperm injection, use of assisted hatching, number of embryos transferred,
stage of embryo at transfer, number of supernumerary embryos cryopreserved, infertility
diagnosis as specifically diminished ovarian reserve, male factor infertility, endometriosis,
ovulatory dysfunction, tubal factor infertility, uterine factor infertility, and unexplained),
backward elimination with a level of 0.05 was used to determine and retain only statistically
significant confounders. Race/ethnicity was not considered in the primary models due to the
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large amount of missing data (33.9%). However, a sensitivity analysis of only those cycles
for which race/ethnicity was reported was performed. Finally, we calculated pregnancy and
live-birth rates per noncancelled cycle resulting in transfer and the miscarriage rate per cycle
that resulted in pregnancy among all fresh autologous IVF cycles from 2008-2013 by single
unit of BMI (range <15.0 to = 40 kg/m?).

All analyses were conducted using SAS version 9.3 (SAS Institute Inc). This study was
approved by an institutional review board of the Centers for Disease Control and Prevention.

Over the study period, the percentage of cycles involving underweight women statistically
significantly decreased from 2.9% to 2.6% while the percentage of cycles in which the
woman was obese statistically significantly increased from 17.8% to 19.0%. The majority
(55.0%) of women for all study years were of normal weight. Among 494,097 ART cycles
started between 2008 and 2013 for which BMI was reported, 13,678 (2.8%) of the cycles
involved underweight women with a low BMI, and 91,646 (18.5%) of cycles involved obese
women (Table 1).

Among ART cycles performed between 2008 and 2013 for which we have BMI information,
a larger percentage of underweight women as compared with women in other BMI
categories were under 35 years old, of Asian or Pacific Islander origin, had an infertility
diagnosis of endometriosis, diminished ovarian reserve, or tubal factor infertility, had a
maximum serum follicle-stimulating hormone (FSH) value of > 10.0 mIU/mL, and had no
prior pregnancies (see Table 1). As compared with women in the other BMI categories,
obese women more frequently were of non-Hispanic Black race, held a diagnosis of
ovulatory dysfunction or tubal factor infertility, had a maximum FSH concentration of < 5.0
mlU/mL, had a history of two or more prior pregnancies, and had a history of two or more
spontaneous abortions. Most frequently among all BMI categories, gonadotropin-releasing
hormone antagonist protocols were used, 10 or more oocytes were retrieved, two embryos
were transferred, cleavage-stage (days 2 to 3) embryos were transferred, intracytoplasmic
sperm injection was used, assisted hatching was not performed, and no embryos were
cryopreserved.

Among all cycles, the cancellation rates were comparable in underweight and normal

BMI groups, but obesity as compared with normal BMI was associated with a slight but
statistically significant increased risk of cancellation (adjusted risk ratio [aRR] 1.05; 95%
confidence interval [C1], 1.03-1.07) (Table 2). Among noncancelled transfers in comparison
to women with normal BMI, underweight women had a statistically significantly decreased
chance of intrauterine pregnancy (aRR 0.97; 95% CI, 0.96-0.99) and live birth (aRR 0.95;
95% ClI, 0.93-0.98) per transfer, as did obese women (aRR 0.94; 95% Cl, 0.94-0.95 and
aRR 0.87; 95% ClI, 0.86-0.88, respectively).

Among cycles resulting in pregnancy, the association between low BMI and miscarriage was
not statistically significant (aRR 1.04; 95% CI, 0.98-1.11). In contrast, obesity as compared
with normal weight was associated with a statistically significantly increased miscarriage
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risk (aRR 1.23; 95% CI, 1.20-1.26). Among cycles resulting in singleton pregnancy, both
underweight and obese statuses were associated with increased risk of low-birth-weight
(aRR 1.39; 95% ClI, 1.25-1.54 and aRR 1.26; 95% CI, 1.20-1.33, respectively) and preterm
delivery (aRR 1.12; 95% CI, 1.01-1.23 and aRR 1.42; 95% CI, 1.36-1.48, respectively).

Among cycles resulting in twin pregnancy, underweight as compared with normal weight
status was associated with increased risk of low birth weight (aRR 1.14; 95% Cl, 1.10-1.17)
but not preterm delivery (aRR 1.04; 95% ClI, 0.99-1.09). Obese weight was associated with
increased risk of preterm delivery (aRR 1.06; 95% CI, 1.03-1.08) and low birth weight
(aRR 0.95; 95% ClI, 0.94-0.97). Of all the twin live births (n = 40,832), 7,990 (19.6%)
women delivered at <34 weeks’ gestation. Among twin live births in underweight women,
224 (20.2%) delivered at <34 weeks. Among twin live births in normal weight and obese
women, 4,343 (18.7%) and 1,466 (21.3%) delivered at <34 weeks, respectively.

Additionally, a sensitivity analyses incorporating race/ethnicity was performed. It noted no
statistically significant difference in the adjusted relative risk in any of the comparisons
(results not shown).

An analysis of severe, moderate, and mild thinness as compared with normal weight found
no clinically significant differences between degree of thinness and cancellation rate or
ART pregnancy outcomes (intrauterine pregnancy, live birth, and miscarriage) except for a
decreased chance of live birth for moderate thinness compared with normal weight (aRR
0.92; 95% CI, 0.86-0.99), a decreased likelihood of intrauterine pregnancy for mild thinness
compared with normal weight (aRR 0.98; 95% CI, 0.96-0.99), and a decreased chance

of live birth for mild thinness compared with normal weight (aRR 0.96; 95% CI, 0.94—
0.98) (Table 3). All degrees of thinness among both singleton and twin pregnancies were
associated with an increased risk of low-birth-weight delivery as compared with normal
weight women; however, only severe thinness among twin pregnancies was associated with
increased risk of preterm delivery.

When the pregnancy, live-birth, and miscarriage rates were explored against the unit value of
BMI, a range of optimal BMI was clearly visible (Fig. 1). The pregnancy rate was highest

in women whose BMI was between 19.0 and 22.9 kg/m? (46.1% to 46.3%) and fell with
increasing BMI to 38.8% in BMI = 40 kg/m? (see Fig. 1A). Similarly, the live-birth rate

was highest in women whose BMI was between 19.0 and 22.9 kg/m? (38.6% to 38.8%)

and fell with increasing BMI to a nadir of 29.4% in BMI > 40 kg/m2. The miscarriage rate
increased with increasing BMI from 12.3% among women with BMI 15.0-15.9 kg/m? to
22.0% among women with BMI = 40 kg/m? (see Fig. 1B).

DISCUSSION

Over the study period, the majority of women for all study years were of normal weight; the
percentage of cycles involving underweight women statistically significant decreased while
the percentage of cycles in which the female was obese statistically significantly increased.

The best outcomes were observed among women of normal weight; for those of abnormal
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weight, obesity was associated with greater risk of adverse obstetric and obstetric outcomes
than was underweight status.

According to the National Center for Health Statistics, among the general adult population
during the study period the percentage of underweight women ranged from 1.6% to 1.7%
while the percentage of obese women ranged from 33.7% to 34.9% (23, 24). The percentage
of obese women (18.5%) within the ART population is smaller for obese women than in the
general population. Part of this difference may be attributable to purposeful patient selection;
women with BMIs outside the normal range may be discouraged from using reproductive
services.

As compared with normal weight women, underweight women had a similar absolute
percentage chance of intrauterine pregnancy, live birth, and miscarriage after IVF. After
adjusting for possible confounders, the adjusted relative risks for these ART outcomes

were statistically significant but likely of limited clinical significance, as they very closely
approached 1. These findings, in a large cohort of women, support those of several smaller
studies that suggested no statistically significant impact of low BMI on the ART outcomes
of pregnancy and live birth (12-15). Our results do, however, contradict the reported
association of low BMI with increased miscarriage risk in the ART population (17). The
adjusted relative risk of delivering a low-birth-weight or preterm infant, singleton or twin,
was elevated among underweight women, a finding consistent with prior studies that suggest
that underweight women have an increased likelihood of poor obstetric outcomes, including
preterm birth and low-birth-weight delivery (19-21). Our study is among the first to examine
this relationship in the I'\VF population. Notably, we were unable to control for maternal
weight gain during pregnancy, which also contributes to the risk of preterm birth and low-
birth-weight possibly due to nutritional deficiencies. The fact that the impact of underweight
maternal status on preterm delivery was less notable among twin pregnancies may reflect
the underlying increased risk of preterm delivery associated with all twin pregnancies
independent of maternal weight at time of conception.

In contrast to the findings for underweight women, the absolute percentage chance of ART
success, pregnancy, and live birth was statistically significantly lower among the obese
women as compared with the normal weight women. Obesity was also associated with a
statistically significantly increased risk of miscarriage. These findings are consistent with
multiple prior studies that suggest an association between obesity and impaired fertility
(1), worse ART outcomes (2-9), and a statistically significantly increased miscarriage and
obstetric risk (25, 26).

Our study is limited by its cycle-based rather than patient-based nature, by the lack of

some patient medical information such as tobacco use, nonfertility-related medical history,
obstetric complications, interpregnancy interval, pregnancy weight gain, and the lack of
embryo quality data. To minimize the effects of lack data on embryo quality, we were able
to control for the number of supernumerary embryos cryopreserved, which has been shown
to correlate with embryo quality (27) and number of prior failed IVF cycles. Additionally,
the study is limited by the quality of height and weight data entered by clinicians and by the
fact that 18% of BMI data are missing. Potential bias exists in that the group that comprises

Fertil Steril. Author manuscript; available in PMC 2024 April 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kawwass et al. Page 7

the missing data may be different from those for whom we have data; however, we have no
reason to believe that the two groups are inherently different.

This study is among the first of its size to focus on the impact of low BMI on ART
outcomes. It is strengthened not only by the large sample size but also by its generalizability
in that it includes all reporting clinics in the United States. We were also able to control

for patient and ART cycle characteristics that impact pregnancy and obstetric outcomes, and
a sensitivity analysis that incorporated BMI noted no statistically significant differences in
adjusted relative risks.

CONCLUSION

Among women undergoing IVF, prepregnancy BMI affects pregnancy and obstetric
outcomes. Although underweight status may have limited impact on ART success (namely,
pregnancy and live-birth rates), it is associated with increased risk of preterm and low-birth-
weight delivery. Obese status negatively impacts all favorable outcomes except birthweight
among singletons. Independent of pregnancy weight gain, prepregnancy BMI is a modifiable
characteristic that has obstetric implications. Whenever feasible, particularly among the
ART population that is afforded preconception counseling, physicians should encourage
women to reach a normal BMI before attempting conception.
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autologous IVF cycles, 2008-2013.

Fertil Steril. Author manuscript; available in PMC 2024 April 29.



Page 10

Kawwass et al.

T000" >

T000" >
T000" >
T000" >
T000" >
T000" >
T000" >
T000" >

T000" >

T000" >

arenbs 1Yo

9vz  8vs'ze
gz TILTT
6Zy  LTE'6E
L'6T  0L0'8T
70T Zwz'e
L'S we's
S0z S6L'8T
Zve  esT'ze
€8 295'L
vr8e  Tzz'se
9Tz 2561
178 ¥66'6C
z0 16T
99 180'9
8¢ sov'e
56 899'8
T eeTer
T9T  VELYT
STz 82L'6T
9Tz €9'6T
g0y Tev'le
S8T  9v9'T6
% u
(zw/Bx) 0g< 98900

(44
0.7
vy
L'ST

§¢T
9'G

6'8T
v'ET
§0T
8'LE
8've

v'ee
4]
¥'9
TL
TL
6'SY

697
€T¢
€T¢
Sov

9'€e
%

(;w/B3) 6°62-0°S5Z WBIBMIBAO

TTT'L¢C
G78'6T
€25'TS
60€'8T

265'vT
L25'9

IAANA4
€€9'ST
oceet
09T v
816'8C

GS6'8€
0ce
0zv'L
LEE'8
8€z's
819'€S

vLL'6T
L06'72
6287
8.2'Ly

88L'9TT
u

$919A9 14V Joud Jo "ON

€3a¢ ¥0L09 v'ae 090°¢ Buissin
8'6T TLL'ES €ce €50'¢ 0°0T<
L'Ey €58'8TT STy 029'S 6'6-T'S
44 159'8€ 6°€T G68'T s>

(AW/NIW) HSH WnJss WNWIXe

L'GT 18S'ty A1) T1T°C paurejdxaun
L'y 118CT vy 509 10398} BULIBIN
TET 9/5'6e €11 1SS'T 10308} [egnL
) Lel'og §er L0L'T uonounysAp A103e|nAQ
L'TT GEL'TE 6'TT v€9'T sisolswopu3
09€ 158'L6 9'GE G98'y 10108} 8|BN
592 vIT'CeL 892 999'¢ 9AIBSAI UBLIBAO paysIulwIg
sisouBeip AjiJayul
€ve 6.£'c6 €9¢ 096'Y BuissiN
T0 08¢ T0 qT BY10
67 18C'€T g€ TS a1uedsiH Ajluo
90T 62.'82 08T 65Y'C Japue|s| d1y10ed Uelsy Ajuo
9C G/6'9 LT 622 39e|q d1uedsiH-uou AlUuO
Sy GEZ'62T oy v61'S alym a1uedsiH-uou AluO
Aoruyis/aoey
8'GT 658'cy 8¢l GyL'T W<
0°0¢ 6GV'vS ST L6E'C 08¢
€1¢ 0.6'LS T1¢ 088'c JAS1
6°¢cy 169'9TT 1'8Y 959'9 qe>
(A) abv
0'SS G86'TLC 8¢ 8/9'€T sjelol
% u % u SanslIBloRIRYD JUBITEd

(;W/B) 6'72—G'8T 3ub1om [ewION  (;w/Bx) G'8T > ybramaspun

Author Manuscript

Author Manuscript

"£T02—8002 ‘s8]942 4| SnoBojoine ysay ‘sonstis1orleyd 8jokd pue Juaied

T31avl

Author Manuscript Author Manuscript

Fertil Steril. Author manuscript; available in PMC 2024 April 29.



Page 11

Kawwass et al.

T000" >

T000" >

T000" >

T000" >

T000" >

T000" >

T000" >
alenbs 1yo

995 €209y
T6C  SL9'€C
4 T99'TT
607  899'9¢
€¢T T20'TT
92 9re'T
SZy  TST'8E
[ v.0'T
90 05
9L €66'9
L8l EITLT
L€L  09€'[9
70 00
5e 8zz'e
096  0LV'/8
vzl Y0E'TT
0z 999'8T
Tl9  €8E'T9
1€ 95082
T9Z  €E6'€T
v'zy  198'8E
LT 6L'0T
60C  €ET'6T
7'9S 90.'TS
% u
(zw/Bx) 0g< 95900

L'1S
¥'8¢
6°€T

L'6E
et

Tey
€1

8L
0'0¢
€cL

6'TT
€0¢
6'29

TT1€e
¥'9¢
gy

8'¢ce
0'0c
98

%

(;w/B%) 6'62-0°5Z WB1BMIaAO

2€E'09
zeL'ee
L8Y'VT

Tre'sy
veT'vT
60T'E
S8T'6Y
LT
620'T

7€0'6
8ze'ee
v8T'v8

0gy
8vy'e
voT'CTT

T6L'ET
995°€C
2L6'8L

L2E'9e
GLL0€
LyS'6y

018'22
L9g'ee
265°S9

u

L'1S G99'TYT
§'8¢ 0£6'69
8'¢T 1GL'eE
¢'6E 9T0'v0T
et Tve'ze
L'e 68T'L
ey 87C'GTT
Vi 299'c
T Tre'e
9'S €62'ST
€0¢ 16875
Tyl £v78'00C
€0 092
L'e 19T,
T'.6 ¥5879¢
44" ¥09'L2
S'6T 289'CS
v'0L 9.v'06T
v'ie 88E'vL
8'9¢ LTL'ZL
6'SY ¥SS'veT
T'Se 2€€'89
6'6T LOT'YS
0'SS 20S'67T
% u

(;w/B¥) 6'72—G'8T WBIM [EWION

§'99
€8¢
¢qT

§'8¢
€11

ey
€1

0'S
€0¢
L'yl

08T
L'EL

Tve
9'9¢
€'6v

€'6¢e

§'6T

T'ss
%

(;w/B>) 58T > ubramaapun

6669
G0S'e
088'T

8ET'S
80S'T
9/€
GT6'S
8.1
Sve

089
99.°C
29T'0T

€€
6.€
EET'ET

GET'T
6vv'C
€20°0T

€62'c
2€9'e
€€L'9

vov'e
€19'C
0vS'L

u

0T<
6-G
70
panaLial s314200 JO "ON
(1s1uobe pirepuels) Ajuo suidojopeuos
(aueyy) Ajuo suidosjopeuos
(uoissaiddns ou) Ajuo suidosjopeuos
(13s1uobBejue) Ajuo suidosopeuos
suidoiopeuob + spaw [e1Q
(81949 [eanjeU) BUON
ad/A) uonenwins
+C
T
0
SUMIQ Wus)-[jny Jord Jo 'ON
+C
T
0
syuiq wualaid Joud Jo "oN
+C
T
0
suologe snoauejuods Joiid Jo "oN
+C
T
0
saioueuBaid Joud Jo 'oN
+C
T

0
SoIISII810RIRBYD JUaITed

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2024 April 29.

Fertil Steril. Author manuscript



Page 12

Kawwass et al.

'9 10 ‘G ‘€ ‘g Uey) JaY10 SABP UO S1ajSuel) JO UOISN|IX3 0] 3Np %400T Ol WNS 10U S30(

q

“Jaysuel) ul Bunjnsal 894 pajjeourdUOU En_w

"UoIeZI|IMaY 04NA Ul = 4A] ‘uondafur wiads awsejdoifoenul = |SD] ‘auowioy Buneinwins-sjd1110) = HSS ‘ABojouydal uononpoidal paisisse = | YV -aI0N

T000" >

T000" >

1000" >

€100’
T000" >

T000" >
altenbs 1yo

80T  0S0'8 Tan
Z0T 285 L0T
8'GT YIL'TT 291
7€9 €689y  LT9
90y 1920t €
TS 86Ty 9SS
00T  Sev'l 66
8T €291 802
665 6ET'OF V€S
YT 969'0T 86T
8zyr  688TE 0T
L'vl  TE9'ss  €vL
0T 968 TT
% u %

(zw/B>) 0g< 95900

€LL°0T
60T'0T
67€'ST
89v'89

981’0
818'CS

8vv'6

€08'6T
SvL0S
¥S0°'ST

T06'6€
66G°0L

EVE'T

(w/B%) 6'62-0°5Z WB1BMIBAO

L'TT
8'0T
§9T
019

Ley
¢'SS

8'6

96T
T'es
ST

€T

(;w/B¥) 6'72—G'8T WBIM [EWION

1€6'SC
966'€C
€679
vZ6'vET

L¥8'76
¥55'2eT

659'TC
009‘ty
GV6°LTT
188'8€

29E'e6
GT9'€9T

0.5t

6'TT
L'TT
S9T
6'6S

ey
S'vS

08

18T
L'¢S
9'0¢

ocy
9vL
V1

%

9TE'T
€0E'T
ve8'T
779'9

+S
v—€
¢ T
0

phanIssaidoin soAique Aresswnuiadns Jo ‘0N

L18'%
0909

9-G sheg
¢~z sheg

g'piossuen e abeys oAlquig

188

080°C
098'S
L62'C

€<
€
4
T

pausaysuel) SOAIqUIS JO “ON

1.9'%
862'8

061

u

(;w/B>) 58T > ubramaspun

pBUIYdIRY pasIsse pasn)
2ISOI PesN

uonenwnsIadAy ueLeAQ

SOIISII810RIRYD JUBITed

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Fertil Steril. Author manuscript; available in PMC 2024 April 29.



Page 13

"011R] YSI = Yy ‘UOIIRZI|Ia) OJUA Ul = 4A| ‘[eAISIUI 9JUSPYUOI = | ‘O11el XSI paisnipe = Yye ‘pautejdxaun pue ‘A)j1Jagul 10Joe) suLIBIN ‘AN|1184UI J01DB) [eqN) ‘UOIOUNISAP AJOJRINAO ‘SISOLIIBWIOPUS
‘A1[13)U1 J010R) B]BW ‘BAIBSAI URLIBAO paysiulwip Ajjealy1oads sisoubelp Aljiuagul pue ‘paalasaldoAid soAiquis Aresswinuiadns Jo Jaquinu ‘Jajsuel) e oAlquia Jo abels ‘pallajsuey soAiquia o Jaquinu
‘Buiyoley paisisse Jo asn ‘uondsful wiads o1wsejdoifoeliul Jo asn ‘panslilal 814200 Jo Jaquuinu ‘adAy uoneinwins ‘A101s1y 81942 ‘saroueubaid Joud Jo Jaquinu ‘abe Joj pajjoJiuod are sjpow paisnipy ajoN

Kawwass et al.

(5'86) v.G'€T (80'T-€0T) 90T  (60'T-v0'T) 90T (€29) 282y  (60'T-66'0) ¥O'T  (OT'T-66'0) ¥O'T  (T'T9) 529 M 2e> A1an1ap wisidld
(T'0L) 896'ST (16'0%6'0)56'0  (86'0-¥6'0) 960 (T'29) 9057  (LTT-OTT)¥TT (BTT-TTT)GTT (€08)698 B 00S'Z> Wb1am yuig mo
saloueubald uimy Buowy
(8'01) £v5'9 (8r'1-9e T ev'T  (WST-erT)8yT (09T)2eL'e  (€2T-T0T)eT'T (22 1-00T) TT'T  (0°2T) 55€ M 2e> A1an1[ap wisidld
(98) vet's (eeT-0zT) 92T (L€T-v2T)0eT (€71)888'T  (VST-SZT)6€T (€S5T¥eT)8ET (6TT)GvE B 005> Wbtam yuig mo
sa1oueubaid uoys)buls Buowy
(0'sT) ¥92'sT (9z1-0zT)€2T (WeT-L2T)ET  (961)€60'9  (TT'T-86'0) ¥O'T (90'T-26'0) 66'0 (8'%T) TEL (im 0g>) abereasin
saloueubaud |e Buowy
(e'8¢) £26'78 (88'0-98'0) 280 (280-98'0)98'0 (6'2€) TS¥'ve  (86'0-€6'0) S6'0  (66'0-G6'0) 260  (2'L€) 92T'¥ (im 02=) Yu1g an1
(T'9v) 222’201 (s6'0-v6'0) ¥6'0  (26'0-06'0) T6'0  (0'2¥) 2G2'TE  (66'0-96°0) 260  (66'0-G6'0) 26'0  (L'v¥) 696y  Aoueubaid sunianenu)
slajsuel) Buowy
(¥'8T) 006'6¥ (L0T-€0T) SOT  (0'T-00T) 20T  (L'8T) €9T'LT  (L0'T-66'0) €0'T  (SO'T-86°0) 20'T  (£'8T) ¥5G'C uone||aoued
s3940 Buowy
(%) u (1D %G6) ¥y (1D %S6) ¥Y (%) u (10 9%%6) ¥ye (1D %56) ¥y (%) u aWwoNNO
(souaJa)ay) 1ybiam ewaoN 95900 1ybramaapun

Author Manuscript

Author Manuscript

¢ 31avl

Author Manuscript

"©T02—8002 ‘91942 4| snobojoine ysal) ‘xepul ssew Apog Aq sawod1no Aoueubaid pue ‘lajsued) ‘91942 14V

Author Manuscript

Fertil Steril. Author manuscript; available in PMC 2024 April 29.



Page 14

Kawwass et al.

"0118 YSU = H¥ ‘UOIRZI|ILI) OJIIA Ul = 4A| ‘[RAISIUI BOUBPIUOD = [ ‘011Rl %S palsnipe = yye ;810N

(5'89) v.5'€T

(T°02) 856'ST

(8'01) £¥5'9

(9°8) ¥ET'S

(0'sT) ¥9z'sT

(e'8¢) €26 '¥8

(T'9v) L22'20T

(#'8T) 006'6Y

(%) u

(s9uauayey)
1yb1am [ewioN

(60T
-86'0) ¥0'T
(or'T
-60'T) ¢T'T

(vt
-00T)2T'T
urt
-8T'T) 2€'T

@rt
-160) ¥0'T

(86'0
-6'0) 96°0
(66°0
-960) 860

(ot
-66'0) €0'T

((fe]
%G6) Yye

(60T
—66°0) ¥0'T

@t
—60'T) ET'T

(€Tt
-00T)IT'T

(Cla
=ITT)TET

(90°T
~26°0) 66°0

(00T
~16'0) L6'0

(66°0
-G6'0) L6'0

(901
-86°0) 20°T

(10 9%G6) "

(8'09) 6.5

(e'62) VL

(0'eT) 90€

(e'TT) 282

(8'v1) 0€9

(z€) 6¥5'e

(L'yv) 182

(L'81) 202'C

(%) u

ZW/BX 67°8T—0LT SsauuIyl PN

(8171
-/8°0)T0'T
Lzt
—-60'T) 8T'T

(or't
~10) 20'T
(672
—-0S'T) €6'T

(62T
-98'0) 90'T

(66°0
-98'0) 26'0
(To'T
-26'0) 96°0

urt
-¥6'0) SO'T

(fe]
%G6) Hye

(611
—-88°0)20°T

(Te'T
AR

(ge'T
-21°0) 86°0

vz
-9%'T) 68°T

(€Tt
-280)0°T

(90°T
—26°0) 66°0

(so'T
-26°0) 66°0

(eTT
-16°0) T0°T

(10 9%G6) ¥

(2'69) 89

(Lv8) v6

(901) ¥

(€'91) 05

(0'sT) 62

(6'28) V¥

(v'sv) 82S

(g'81) 592

(%) u

2W/BX 66'9T—0"9T SSeUUIY1 81eI3PON

(18T
—v0'T) S¢'T
(6T
-9TT) 12T

(e
-56'0) IS'T
(€92
-96'0) 8S'T

(87'T
—-0L0)T0°T

(e0'T

-8'0) T6°0
(e0'T
-G8'0) ¥6°0

(et
-G8'0) €0°T

((fe)
9%G6) Hye

(es1
—¥0'T) 92'T

(T
-6TT)IET

(822
-06'0) £V'T

(092
-G6'0) /ST

(se'T
-29°0) 26'0

(20T
-28'0) €6'0

(c0'T
-18°0) 16°0

(ezT
-¥8°0) 20°T

(10 %G6) ¥d

(LeL) 8z

(6'16) ¥€

(g'sT) ST

(gen) et

(geT) 22

(g'ge) 9€T

(T°2¥) 09T

(9°81) 28

(%) u

LW/BX 0'9T > SSBUUIY] 81885

HM
1€ > K1anijap wiseid

6 005'z>
WBIBM y1Ig Mo

sa1oueubaid uimy Buowy

MM
1€> Aanijap wisleld

6 005'2>
WBIsM yu1g moT

saoueubald
uo3a|buis uowy

(im 0z>) aberireasI
saioueubald |je Buowy
(1M 0z=) Y1 e

Aoueubaid sunisinenu|

slajsuel) Buowy

uone||aoue)

$319A0 Buowy

Elt[vaigle}

Author Manuscript

"€T02—8002 ‘S9]942 4A| ysais ‘xapul ssew Apoq 1ybramiapun Jo aaibap Agq sewooino Aoueubald

€31avl

Author Manuscript

Author Manuscript

Author Manuscript

Fertil Steril. Author manuscript; available in PMC 2024 April 29.



	Abstract
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	References
	FIGURE 1
	TABLE 1
	TABLE 2
	TABLE 3

