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BACKGROUND: Many studies have documented a lower likelihood of
live birth with increasing body mass index among women undergoing
assisted reproductive technology, but few have examined the association
with waist circumference, an anthropometric measure that allows
assessment of central adiposity.

OBJECTIVE: To examine the relation between baseline waist circum-
ference and infertility treatment outcomes among women undergoing
treatment with assisted reproductive technology.

MATERIALS AND METHODS: We followed up 264 women who
underwent 445 assisted reproductive technology cycles for infertility
treatment at the Massachusetts General Hospital between 2010 and
2017. Waist circumference was assessed at enroliment. We used cluster-
weighted generalized estimating equation models to estimate the proba-
bility of live birth by tertiles of waist circumference (<77, 77—86, >86
cm), while accounting for multiple treatment cycles per woman and
adjusting for age, race, smoking, infertility diagnosis, day 3 follicle-
stimulating hormone, body mass index, and height.

RESULTS: Mean (standard deviation) waist circumference and body
mass index were 83.6 (12.6) cm and 24.1 (4.3) kg/m?, respectively. Waist

circumference and body mass index were positively correlated (r= 0.69,
P < .0001). Waist circumference was inversely related to the probability of
live birth after adjusting for BMI and other confounders. The multivariable
adjusted probability of live birth (95% confidence interval) for women in
increasing tertiles of waist circumference were 53% (42—65%), 42%
(32—53%), and 38% (28—50%) (P, trend = .04). When women were
classified in joint categories of body mass index and waist circumference,
women with a body mass index >25 kg/m? and a waist circumference
>77 cm had the lowest live birth rate (38% [27—50%)]), whereas women
with a body mass index between 18.5 and 25 kg/m? and a waist
circumference <77 cm had the highest (54% [42—66%]). The results
were similar using different waist circumference cut-off values.
CONCLUSION: Waist circumference was inversely related to the
probability of live birth among women undergoing assisted reproductive
technology independently of body mass index.

Key words: assisted reproductive technology, body mass index, ICSI,
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besity has become a major public

health problem as its prevalence
has reached epidemic proportions. Be-
tween 2007 and 2016, the prevalence of
obesity and severe obesity among
women in the United States increased
from 35.4% to 41.1% and from 7.3% to
9.7%, respectively." Obesity has been
identified as a risk factor for subfertility,
especially with ovulation disorders.””
Several studies have shown the
increased risk for delayed time to preg-
nancy among obese women."~ Obesity
also predicts a lower probability of live
birth among women undergoing assisted
reproductive technology (ART).'! The
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most updated systematic review and
meta-analysis concluded that both
overweight (body mass index [BMI]
>25 kg/mz) and obese (BMI >30 kg/mz)
women have a significantly lower live
birth rate, compared with women with a
normal BMI (18.5—24.9 kg/m?)."”

A known limitation of BMI as a
marker of adiposity is that, despite being
highly correlated with fat mass,'” it is
also positively related to lean mass.'*"”
Hence, BMI can misclassify muscular
individuals as obese, although misclas-
sification of individuals with high
adiposity as “normal” is a more frequent
problem.'® Women presenting to
fertility centers tend to have a lower BMI
than women of reproductive age in the
general population, and thus misclassi-
fication may occur more often in studies
conducted in fertility centers than in
other settings,”'" although the extent of
this issue is unknown. Waist circumfer-
ence (WC) is an anthropometric mea-
sure that is not only highly correlated
with fat mass but is also used allow for

578.e1 American Journal of Obstetrics & Gynecology JUNE 2019

classification of central obesity.'” In fact,
WC can predict risk of multiple chronic
conditions when considered alone or in
combination with BML'®"%* However,
few studies have examined the associa-
tion of WC with fertility or outcomes of
infertility treatment. To address this gap,
we examined the relation between WC
and ART outcomes, when considered
alone or in combination with BMI, in an
ongoing prospective cohort study of
women in couples presenting for infer-
tility evaluation and treatment.

Material and Methods

Study population

This study consisted of a subset of
women enrolled in the Environment and
Reproductive Health (EARTH) Study, an
ongoing prospective cohort started in
2004 to explore environmental and life-
style determinants of fertility among
couples presenting for evaluation or
treatment of infertility to the Massa-
chusetts General Hospital (MGH)
Fertility Center (Boston, MA). Women
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Why was this study conducted?

attention.

Key findings

Many studies have identified overweight and obesity as risk factors for infertility
and failed infertility treatment. However, the role abdominal obesity independent
of overall adiposity, as measured by body mass index (BMI), has received little

The probability of achieving a live birth as a result of assisted reproductive
technology decreased with increasing waist circumference independently of BMI.
Overweight women with a high waist circumference had the lowest probability
of live birth, whereas overweight women with low waist circumference had
probabilities of live birth similar to those of women with normal BMI.

What does this add to what is known?
Waist circumference provides information regarding a woman’s chances of infertility
treatment success with assisted reproductive technology above and beyond her BML

aged 18—45 years who were planning to
use their own gametes for ART were
eligible. Women remained eligible to
participate if their physician later deter-
mined that using donor oocytes or em-
bryos was clinically necessary. Among
women referred to the study, approxi-
mately 60% of those approached by the
research staff enrolled in the study.
Waist circumference assessments were
introduced to the study in 2010. At study
entry, participants underwent an
anthropometric assessment by trained
study staff. Waist circumference was
measured using a Gullick II Plus
Measuring Tape and recorded to the
nearest millimeter. Participants were
asked to stand, discover their abdomen,
and hold their shirt or examination
gown above their abdomen with their
crossed arms. Study staff then placed the
measuring tape at the level of the um-
bilicus on a plane parallel to the floor and
applying pressure based on the tape’s
pressure indicator. All participants
completed a staff-administered brief
questionnaire aimed at collecting basic
demographic, medical, and lifestyle in-
formation. Participants were also asked
to allow investigators access to their
medical records, and to complete a
detailed questionnaire addressing life-
style and medical history at home.
Women were then followed up during
their in vitro fertilization or intra-
cytoplasmic sperm injection treatment
cycles for clinical outcomes until a live

birth was achieved or until discontinu-
ation of treatment.

The current analysis included 264
women with available WC measure-
ments who underwent 445 ART cycles
between 2010 and 2017. The minimum
and maximum number of ART cycles
contributed per woman were 1 (n = 142)
and 5 (n = 10). This study was approved
by the Institutional Review Boards of the
MGH and the Harvard T.H. Chan
School of Public Health. All participants
provided written informed consent after
the study procedures were explained by
study staff.

Clinical management and

assessment of outcomes

Trained study staff abstracted clinical
information from the patients’ elec-
tronic medical records. Details of patient
clinical ~management have been
described elsewhere.'” In brief, for fresh
ART cycles, patients underwent 1 of 3
stimulation protocols as clinically indi-
cated: 1) luteal-phase gonadotropin-
releasing hormone (GnRH) agonist
protocol; 2) follicular-phase GnRH-
agonist/flare protocol; or 3) GnRH-
antagonist protocol. Patients were
monitored by clinical staff during
gonadotropin stimulation for serum
estradiol (E2), follicle size and counts,
and endometrial thickness, and were
administered human chorionic gonad-
otropin (hCG) approximately 35 hours
before the scheduled oocyte retrieval to

induce oocyte maturation. Embryolo-
gists classified oocytes as germinal
vesicle, metaphase I, metaphase II, or
degenerated, and then determined
fertilization rate as the number of oo-
cytes with 2 pronuclei divided by the
number of metaphase II oocytes at
17—20 hours after either conventional
in vitro fertilization or intracytoplasmic
sperm injection. For cryo-thaw or
donor-egg recipient cycles, patients un-
derwent endometrial preparation pro-
tocols as clinically indicated. Early ART
end points referred to those preceding
embryo transfer, including markers of
ovarian responses to stimulation (peak
E2 levels, endometrial thickness, MII,
and total oocytes), and fertilization rate.
Clinical outcomes per initiated ART cy-
cle were assessed, including the proba-
bilities of implantation (a serum -hCG
level >6 mIU/mL, measured approxi-
mately 17 days after oocyte retrieval),
clinical pregnancy (presence of intra-
uterine gestational sac[s] on transvaginal
ultrasonography at 6 weeks), and live
birth (the birth of a neonate on or after
24 weeks’ gestation). The denominator
for all clinical outcomes was the total
number of ART cycles started.

Statistical analysis

Participants were categorized by tertiles
of WC measured in centimeters. The
associations of baseline personal and
reproductive characteristics with WC
were evaluated using Kruskal—Wallis
tests for continuous variables and ¥ or
Fisher’ exact tests for categorical vari-
ables. We used cluster-weighted gener-
alized estimating equations models™ to
evaluate the associations of WC with
ART outcomes, while accounting for
correlation among multiple treatment
cycles per woman and the unbalanced
design. A normal distribution and
identity link were specified for contin-
uous outcomes (peak E2 levels,
endometrial thickness, and day 3 follicle-
stimulating hormone [FSH] levels); a
Poisson distribution and log link for
count outcomes (number of total and
mature oocytes retrieved); and a log-
binomial distribution for proportions
(fertilization and clinical outcomes).
Tests for linear trend across tertiles of
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TABLE 1
Demographic and baseline reproductive characteristics of study participants (N = 264 women)
Characteristics All participants ~ Waist circumference, cm
Range, cm 61—158 Tertile 1 (<77.0)  Tertile 2 (77.0—86.0)  Tertile 3 (>86.0)  Pvalue®
Waist circumference, cm, mean (SD) 836 (126) 717 (4.0) 81.0 (3.0 97.3 (10.6)
Number of participants 264 85 88 91
Personal characteristics
Age, y, mean (SD) 349 (4.2 34.6 4.3) 34,5 4.3) 35.4 4.1) a7
BMI, kg/m2, mean (SD) 241 (4.3 215 (3.5) 22.8 (2.4) 27.8 (3.9) <.0001
Height, cm, mean (SD) 165.6  (6.8) 164.6 (6.5 166.1 (7.0) 166.0 6.7) .32
Smoker, n (%)
Never 201 (76) 66 (78) 67 (76) 68 (75) .74
Past 59 (22) 19 (22) 19 (22) 21 (23)
Current 4 2 0 0) 2 2 2 2
White, n (%) 212 (80) 64 (75) 69 (78) 79 (87) 13
College degree or higher, n (%) 261 (99) 83 (98) 87 (99) 91 (100) .34
Reproductive characteristics
Initial primary infertility diagnosis, n (%)
Male factor 71 (27) 21 (25) 28 (32) 22 (24) .39
Female factor 71 (27) 23 (27) 18 (20) 30 (33)
Unexplained 122 (46) 41 (48) 42 (48) 39 (43)
Initial treatment protocol, n (%)
Antagonist 41 (16) 11 (13) 16 (18) 14 (15) .75
Flare 30 (11) 9 (10) 7 8) 14 (19)
Luteal phase agonist 180 (68) 60 (71) 61 (69) 59 (65)
Endometrial preparation (donor/cryo cyles) 13 (5) 5 (6) 4 (5) 4 (5)
Ever pregnant, n (%) 109 (41) 32 (38) 37 (42) 40 (44) .59
Type of fertilization procedure, n (%)°
In vitro fertilization 115 (48) 34 (45) 42 (51) 39 (48) .80
Intracytoplasmic sperm injection 125 (52) 41 (55) 41 (49) 43 (52)
Day 3 FSH, IU/L, mean (SD) 721 (2.23) 748 (2.48) 7.07 (2.02) 7.09 (219 .36
BMI, body mass index; FSH, follicle-stimulating hormone; SD, standard deviation.
Values are mean (SD) or n (%) and are standardized to the age distribution of the study population.
2 From Kruskal—Wallis test for continuous variables and 2 tests for categorical variables or Fisher text when cells have <5 individuals; ® A total of 24 women were not included because of not
reaching fertilization.
Li et al. Waist circumference and outcome of ART. Am J Obstet Gynecol 2019.

WC were conducted using the median
WC in each tertile as a continuous vari-
able in the regression models. Primary
analyses were performed  using
measured WC (divided into tertiles) and
included terms for WC-adjusted BMI
(BMI residual). Confounding was eval-
uated based on previous knowledge and
taking  into  consideration  the

associations between WC with baseline
characteristics and the probability of live
birth. Multivariable adjusted models
were included terms for age (contin-
uous, years), race/ethnicity (white vs.
nonwhite), smoking (ever vs. never),
infertility diagnosis (male factor, female
factor, unexplained), day 3 FSH levels
(IU/L), BMI (continuous, kg/m?), and
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height (continuous, c¢m). Population
marginal means were used to present
population averages adjusted for the
covariates (at the mean level for contin-
uous variables and at a value weighted
according to their frequencies for cate-
gorical variables) in the model.”® We also
assessed the relation of WC and ART
using the World Health Organization
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TABLE 2

Association between waist circumference and intermediate assisted reproductive technology outcomes

Tertile of waist circumference, cm

Cl, confidence interval; FSH, follicle-stimulating hormone.

adjusted for day 3 FSH; ® P < .05 compared with tertile 1.

Adjusted means (95% CI)* Cycles  Tertile 1 (<77.0 cm) Tertile 2 (77.0—86.0 cm) Tertile 3 (>86.0 cm) Ptrend
Endometrial thickness, mm 422 10.4 (9.6—11.1) 10.4 (9.8—11.0) 9.9 (9.3—10.5) a7
E2 trigger levels, pmol/L 353 2319 (2116—2521) 2118 (1936—2301) 2011° (1838—2185) .01
Day 3 FSH, IU/L° 445 759  (6.98—8.20) 723  (6.76—7.70) 7.05  (6.54—7.56) 11
Total oocyte yield, n 350 11.8 (10.5—-13.2) 10.9 (9.6—12.3) 11.8 (10.5—-13.2) .84
M2 oocyte yield, n 350 9.6 (8.5—10.9) 9.1 (8.0—10.4) 9.7 (8.7—10.8) .78
Fertilization, rate 349 0.71  (0.64—0.76) 0.74  (0.69—0.79) 0.72  (0.67—0.77) 81

2 All models were adjusted for age, race (white vs. nonwhite), smoking (ever vs. never), infertility diagnosis (male factor, female factor, unexplained), day 3 FSH, body mass index, and height; ® Not

Li et al. Waist circumference and outcome of ART. Am J Obstet Gynecol 2019.

(WHO) suggested cut-off values for WC
(80 and 88 cm)”’ rather than
distribution-based cutoffs. Because WC
and BMI tend to be highly correlated, we
calculated BMI-adjusted WC values
(residuals of the regression of WC on
BMI) and WC-adjusted BMI values (re-
siduals of the regression of BMI on WC)
to allow for the computation of more
efficient estimates in multivariable
models.'” We performed sensitivity an-
alyses to evaluate the robustness of the
findings and modeling assumptions,
which included modeling WC as a
restricted cubic spline and adjusting
models with different strategies. We
tested whether the association between
WC and ART outcomes differed between
fresh and cryo cycles or by primary
infertility diagnosis by introducing
cross-product terms to the multivariable
adjusted models. When there was a
suggestive interaction effect (P < .10),
stratified analysis was further conducted.
All statistical analyses were performed
using SAS 9.4 (SAS Institute, Cary, NC).

Results

The study population included 264
women who underwent 445 ART cycles,
of which 158 (35.5%) resulted in a live
birth. Mean (standard deviation) age,
WC, and BMI of participants were 34.9
(4.2) years, 83.6 (12.6) cm, and 24.1
(4.3) kg/m?, respectively. The majority of
women were white (80%), had a college
degree (99%), and had never smoked

(76%). In all, 41% of the women re-
ported at least 1 prior pregnancy. The
most common initial primary infertility
diagnosis was unexplained infertility
(46%). WC was positively related to BMI
(r = 0.69, P <.0001), but not to other
personal or reproductive characteristics
(Table 1).

Waist circumference was inversely
associated with estradiol (E2) trigger
levels. The adjusted mean (95% confi-
dence interval [CI]) E2 trigger levels for
women in increasing tertiles of WC were
2319 (2116—2521), 2118 (1936—2301),
and 2011 (1838—2185) pmol/L (B,
trend = 0.01) (Table 2). However, we did
not observe associations of WC with
endometrial thickness, day 3 FSH levels,
oocyte vyield, or fertilization rate
(Table 2).

Waist circumference was inversely
related to the probabilities of implanta-
tion, clinical pregnancy, and live birth
per initiated treatment cycle (Figure 1).
The probabilities of implantation, clin-
ical pregnancy, and live birth for women
in the highest category of WC were,
respectively, 14%, 13%, and 15% lower
than those of women in the lowest
category of WC (Figure 1). Results did
not change after excluding height from
all of the models. A similar pattern was
observed when the analyses were con-
ducted using the World Health Organi-
zation suggested cut-off values’” for WC
(Suppementary Table 1), when WC was
modeled as a continuous variable

allowing for nonlinear relations
(Supplementary Figures 1—3), and in
sensitivity analyses using different ap-
proaches to account for the collinearity
between WC and BMI (Supplementary
Table 2).

We then classified women in joint
categories of WC and BMI. Women with
BMI >25 kg/m* and WC >77 cm had
the lowest probability (95% CI) of live
birth per cycle started (38% [27—50%]),
whereas women with a BMI between
18.5 and 25 kg/m* and WC <77 cm had
the highest probability of live birth (54%
[42—66%]) (Figure 2). Overweight
women with higher WC always had the
lowest probability of live birth
(Supplementary Table 3). In contrast,
overweight women with lower WC had
chances of treatment success similar to
women with normal BMI. The results
were similar using different WC cut-off
values (Supplementary Table 3).

Sensitivity analyses showed that the
relation between WC and ART outcomes
did not differ between fresh and cryo
cycles or by primary infertility diagnosis.
Further adjusting for male partner BMI
and WC in the subset of women for
whom these data were available did not
change the findings either (data not
shown). Moreover, although graphic
evaluation of the relation between WC
and ART outcomes suggested nonlinear
relations (Supplementary Figures 1—3),
formal tests for nonlinearity showed that
nonlinear models not are superior to
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FIGURE 1

Adjusted probabilities (95% confidence intervals) of implantation, clinical
pregnancy, and live birth per initiated treatment cycle across tertiles of waist
circumference among women undergoing infertility treatment with assisted
reproductive technology. All models were adjusted for age, race/ethnicity (white
vs. nonwhite), smoking (ever vs. never), infertility diagnosis (male factor, female
factor, unexplained), day 3 follicle-stimulating hormone, body mass index, and
height. *P < .05 compared with tertile 1
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linear models in describing the relation
between WC and ART outcomes in this
study population.

Comment

We examined the associations of baseline
WC with embryological and clinical
outcomes in a cohort of women under-
going ART. Waist circumference was
associated with lower E2 trigger levels
and, more importantly, lower probabil-
ity of implantation, clinical pregnancy,
and live birth per treatment cycle inde-
pendently of BMI and other potential
confounders. When women were jointly
classified in categories of BMI and WC,
overweight women with higher WC had
the lowest probabilities of live birth. In
contrast, overweight women with lower
WC had probabilities of live birth similar
to those of women with normal BMI.
These data suggest that WC provides
information regarding a woman’s chan-
ces of treatment success with ART above
and beyond her BMI.

To our knowledge, only 2 previous
studies have evaluated the relation be-
tween WC and outcomes of infertility
treatments. Hansen et al conducted a
secondary data analysis from a ran-
domized, multicenter clinical trial in
women undergoing intrauterine insem-
ination (IUI), which found that neither
BMI nor WC was associated with the
probability of live birth.?® In addition,
Moran et al evaluated the association of
WC and ART outcomes in a pilot weight
loss study among obese women pre-
senting for infertility treatment. They
found that decreases in WC were a better
predictor of higher probability of live
birth than changes in BMI, which did not
predict ART outcomes.”” Waist circum-
ference has also been related to lower
fecundability independently of BMI in
cohorts of pregnancy planners without a
history of infertility.”””' Moreover,
visceral fat area was related to response to
ovulation induction with clomiphene
citrate among women with polycystic
ovary syndrome (PCOS) independently
of BML™ Furthermore, emerging evi-
dence suggests that WC may be a risk
factor for pregnancy loss.””** Collec-
tively, these data suggest that abdominal
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FIGURE 2

Adjusted probability of live birth in joint categories of body mass index
(18.5—25 or >25 kg/m?) and waist circumference (<77 or >77 cm) for
women undergoing infertility treatment with assisted reproductive
technology. All models were adjusted for age, race/ethnicity (white vs.
nonwhite), smoking, infertility diagnosis (male factor, female factor,
unexplained), day 3 follicle-stimulating hormone), and height

BMI 18.5-25

45%
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35%
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Li et al. Waist circumference and outcome of ART. Am J Obstet Gynecol 2019.

obesity may have an impact on fertility
above and beyond global measures of
adiposity, which has been the main focus
of the literature on the relation between
adiposity and fertility.

The observed association between WC
and ART outcomes may reflect a true
biological effect. Waist circumference
has been linked to insulin resistance and
chronic inflammation. Insulin resistance
is an important pathogenic factor in
common metabolic disorders and plays a
key pathogenic role in infertility.”> Waist
circumference has been reported as
an independent predictor of insulin
resistance after controlling for BMI,™
as well as a great predictor of insulin
sensitivity.”” Moreover, WC was related

to chronic inflammation,’®*° which
can further affect ovulation and
steroidogenesis.””" "> Whether  the

observed relation is mediated through
these or other mechanisms deserves
further evaluation.

Strengths of our study include its
prospective design, with no loss to

follow-up, and robust assessment of
intermediate and clinical outcomes, all
of which aid in the interpretation of
the findings. Both BMI and WC were
measured by trained study staff, which
minimized variability of the measure-
ments. The sample size of the study
population allowed us to evaluate
clinically relevant outcomes with suf-
ficient statistical power, including live
birth. The main limitation of the study
is the relatively small size of groups of
women jointly classified according to
their BMI and WC, which resulted in
stratum sizes as small as 13 treatment
cycles in some analyses. Although the
results were robust regardless of cutoff
values used in these joint models,
additional larger cohort studies are
warranted. In addition, WC was
measured only once at enrollment, and
thus any changes in WC during ART
treatment were not captured by our
study.

In conclusion, we found an associa-
tion of high WC with lower probability

of live birth among women undergoing
infertility treatment with ART. This as-
sociation was independent of BMI, was
consistent across different cut-off points
of WC used in the analysis, and, in
stratified analyses, was more pro-
nounced for women with high WC and
high BMI. These results suggest that
central adiposity may be important for
human fertility, above and beyond
overall adiposity. |
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FIGURE S1
Restricted cubic spline plot of the association between waist circumference
and probability of live birth. P-value for non-linear relation: 0.20
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FIGURE S2
Restricted cubic spline plot of the association between waist circumference
and probability of clinical pregnancy. P-value for non-linear relation: 0.19
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FIGURE S3
Restricted cubic spline plot of the association between waist circumference
and probability of implantation. P-value for non-linear relation: 0.13
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SUPPLEMENTARY TABLE 1
Association between World Health Organization—suggested waist circumference cut-off values and clinical assisted
reproductive technology outcomes (N = 264 women, cycles = 445)

Cl, confidence interval; WC, waist circumference.

WC <80 WC >80
Adjusted proportions (mean, 95% CI)* Cycles = 215 Cycles = 230 Ptrend
Implantation 0.62 (0.53—0.71) 0.51° (0.42—0.61) .04
Clinical pregnancy 0.57 (0.48—0.66) 0.48 (0.39—0.58) .09
Live birth 0.48 (0.38—0.58) 0.41 (0.31-0.51) 19
WC <80 WC >80
Adjusted proportions (mean, 95% CI)* Cycles = 322 Cycles = 123 Ptrend
Implantation 0.60 (0.51—0.67) 0.49 (0.37—0.61) .08
Clinical pregnancy 0.55 (0.47—0.63) 0.46 (0.34—0.58) 12
Live birth 0.47 (0.38—0.55) 0.38 (0.27—0.51) .20
Waist circumference, cm
WC <80 80 <WC < 88 WC >88.0
Adjusted proportions (mean, 95% CI)* Cycles = 215 Cycles = 107 Cycles = 123 Ptrend
Implantation 0.62 (0.53—0.71) 0.54 (0.42—0.65) 0.49° (0.38—0.61) .04
Clinical pregnancy 0.57 (0.48—0.66) 0.51 (0.39—0.62) 0.46 (0.34—0.58) .08
Live birth 0.48 (0.38—0.58) 0.43 (0.31—-0.56) 0.38 (0.27—0.51) 15

# Al models were adjusted for age, race (white vs. nonwhite), smoking (ever vs. never), infertility diagnosis (male factor, female factor, unexplained), day 3 follicle-stimulating hormone, body mass
index, and height; ® P < .05 compared with the first category.
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SUPPLEMENTARY TABLE 2
Association between waist circumference and probability of clinical assisted reproductive technology outcomes
(N = 264 women, cycles = 445)
Implantation
Measured waist circumference, cm
Adjusted proportions (95% CI)* Tertile 1 (<77.0) Tertile 2 (77.0—86.0) Tertile 3 (>86.0) Ptrend
Model 1 0.64 (0.54—0.74) 0.56 (0.46—0.66) 0.50° (0.39—0.61) .03
Model 2 0.64 (0.53—0.74) 0.56 (0.45—0.66) 0.50° (0.39—0.61) .03
Model 3 0.63 (0.52—0.73) 0.56 (0.45—0.66) 0.52 (0.40—0.63) 14
BMI-adjusted waist circumference
Adjusted proportions (95% CI)? Tertile 1 (<80.9) Tertile 2 (80.9—86.7) Tertile 3 (>86.7)
Model 4 0.66 (0.56—0.75) 0.51? (0.40—0.61) 0.52° (0.41-0.63) .02
Model 5 0.66 (0.55—0.75) 0.50° (0.40—0.61) 0.53 (0.42—0.64) .03
Clinical pregnancy
Measured waist circumference, cm
Adjusted proportions (95% CI)? Tertile 1 (<77.0) Tertile 2 (77.0—86.0) Tertile 3 (>86.0) Ptrend
Model 1 0.60 (0.49—0.70) 0.51 (0.41—-0.62) 0.47° (0.37—0.58) .06
Model 2 0.60 (0.49—0.70) 0.52 (0.41—0.62) 0.47% (0.36—0.58) .05
Model 3 0.61 (0.50—0.71) 0.52 (0.41-0.62) 0.46 (0.34—0.58) .06
BMI-adjusted waist circumference
Adjusted proportions (95% CI)* Tertile 1 (<80.9) Tertile 2 (80.9—86.7) Tertile 3 (>86.7)
Model 4 0.62 (0.52—0.72) 0.48° (0.37—0.58) 0.47° (0.36—0.58) .01
Model 5 0.62 (0.52—0.72) 0.48% (0.37—0.58) 0.47% (0.36—0.58) .01
Live birth
Measured waist circumference, cm
Adjusted proportions (95% CI)* Tertile 1 (<77.0) Tertile 2 (77.0—86.0) Tertile 3 (>86.0) Ptrend
Model 1 0.53 (0.42—0.65) 0.42 (0.32—0.53) 0.38° (0.28—0.50) .04
Model 2 0.53 (0.42—0.65) 0.42 (0.32—0.53) 0.38" (0.28—0.50) .04
Model 3 0.53 (0.41—0.65) 0.42 (0.31—0.53) 0.39 (0.27—0.52) 10
BMI-adjusted waist circumference
Adjusted proportions (95% CI)® Tertile 1 (<80.9) Tertile 2 (80.9—86.7) Tertile 3 (>86.7)
Model 4 0.53 (0.39—0.62) 0.41 (0.27—0.49) 0.38° (0.24—0.48) .03
Model 5 0.52 (0.41—0.63) 0.41 (0.31—0.52) 0.38 (0.28—0.50) .04
BMI, body mass index; Cl, confidence interval.
Model 1: Adjusted for age, race (white vs. nonwhite), smoking (ever vs. never), infertility diagnosis (male factor, female factor, unexplained), day 3 follicle-stimulating hormone, and height.
Model 2: Model 1 adjusted for BMI residual (waist circumference—adjusted BMI).
Model 3: Model 1 adjusted for measured BMI.
Model 4: Adjusted for age, race (white vs. nonwhite), smoking (ever vs. never), infertility diagnosis (male factor, female factor, unexplained), day 3 follicle-stimulating hormone, and height.
Model 5: Model 4 adjusted for measured BMI.
P < .05 compared with the first category.
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SUPPLEMENTARY TABLE 3

Adjusted probabilities (95% confidence intervals) of implantation, clinical pregnancy and live birth among women
undergoing infertility treatment with assisted reproductive technology, jointly stratified by body mass index (BMI) and

waist circumference (WC) categories (N = 257 women, cycles = 435)

121 162 13 139
Number of cycles 18.5 < BMI <25 BM12>25
Adjusted proportions (95% CI)? WC <77.0 WC >77.0 WC <77.0 WC >77.0
Implantation 0.64 (0.52—0.74) 0.55 (0.45—0.65) 0.73 (0.39—-0.92) 0.49" (0.38—0.61)
Clinical pregnancy 0.61 (0.49—-0.72) 0.50 (0.40—0.60) 0.66 (0.35—0.88) 0.48 (0.37—0.60)
Live birth 0.54 (0.42—0.66) 0.41 (0.32—0.52) 0.54 (0.24—0.81) 0.38° (0.27—0.50)
191 92 17 135
Number of cycles 18.5 < BMI <25 BMI >25
Adjusted proportions (95% CI)* WC <80 WC >80 WC <80 WC >80
Implantation 0.62 (0.52—0.71) 0.53 (0.40—0.66) 0.76 (0.48—0.91) 0.48° (0.37—0.60)

Clinical pregnancy

058  (0.48—0.67)

048  (0.35—0.60)

067  (0.40—0.86)

0.47 (0.36—0.59)

Live birth 0.49 (0.39—0.59) 0.43 (0.30—0.56) 0.45 (0.21—-0.71) 0.39 (0.28—0.51)
250 33 34 118

Number of cycles 18.5 < BMI <25 BMI >25

Adjusted proportions (95% CI)? WC <86 WC >86 WC <86 WC >86

Implantation 059  (0.50—0.67) 060  (0.41-0.76)  0.71 (0.52—0.85)  0.45°  (0.33—0.56)

Clinical pregnancy 0.54 (0.45—0.63) 0.53 (0.35—0.70) 0.68 (0.49-0.82) 0.43 (0.32—0.55)

Live birth 0.46 (0.37—0.55) 0.49 (0.31—-0.68) 0.59 (0.40—0.76) 0.32° (0.22—0.45)
263 20 49 103

Number of cycles 18.5 < BMI <25 BMI >25

Adjusted proportions (95% CI)* WC <88 WC >88 WC <88 WC >88

Implantation 0.59 (0.50—0.67) 0.64 (0.38—0.83) 0.66 (0.49-0.79) 0.45° (0.33—0.57)

Clinical pregnancy
Live birth

Cl, confidence interval.

054  (0.46—0.63)
046  (0.37—0.55)

055  (0.31—0.76)
056  (0.32—0.77)

062  (0.46—0.76)
052  (0.35—0.69)

043  (0.32—0.56)
033  (0.23—0.46)

2 All models were adjusted for age, race (white vs. nonwhite), smoking, infertility diagnosis (male factor, female factor, unexplained), day 3 follicle-stimulating hormone, and height; ® P < .05

compared with the first category.
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