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Abstract

Objective: To compare the obstetric outcomes of women treated with in vitro fertilization (IVF), women with indicators of
subfertility but without assisted reproductive technologies, and fertile women with singleton pregnancies. Methods: A pro-
spective cohort study was conducted from March 2013 to February 2016 at the Hunan Provincial Maternal and Child Health
Hospital in China. Finally, 1260 eligible mothers were recruited into the IVF group, 1899 into the subfertile group, and 2480 into
the fertile group. Results: Compared to the fertile group, gestational diabetes mellitus (adjusted odds ratio [aOR] = 2.36; 95%
confidence interval [CI]: 1.67-3.34), pregnancy-induced hypertension (aOR = 2.23; 95% Cl: 1.37-3.64), placenta previa (aOR =
4.11; 95% Cl: 2.12-7.96), premature rupture of membranes (aOR = 4.60; 95% Cl: 2.71-7.81), anemia in pregnancy (aOR = 2.17;
95% Cl: 1.42-3.31), preterm birth (PTB; aOR = 2.19; 95% CI: 1.59-3.02), low birth weight (aOR = 2.82; 95% ClI: 2.02-3.94),
perinatal mortality (aOR = 2.72; 95% Cl: 1.67-4.03), and congenital malformations (aOR = 6.07; 95% Cl: 3.14-11.72) were
evidently increased in the IVF group, while placenta previa (aOR = 1.67; 95% ClI: 1.05-2.67), PTB (aOR = 1.31; 95% CI: 1.05-1.64),
low birth weight (aOR = 1.42; 95% CI: 1.12-1.81), and congenital malformations (aOR = 2.03; 95% CI: 1.28-3.21) were also
increased in the subfertile group. Additionally, the IVF group compared to the subfertile group was at a higher risk of gestational
diabetes mellitus (aOR = 1.40; 95% CI: 1.08-1.83), premature rupture of membranes (aOR = 1.45; 95% CI: 1.00-2.10), PTB
(aOR = 1.26;95% ClI: 1.01-1.58), low birth weight (aOR = 1.75; 95% CI: 1.36-2.24), perinatal mortality (2OR = 1.95;95% ClI: 1.02-
3.46), and congenital malformations (aOR = 1.81; 95% CI: 1.12-2.92). Conclusion: An increased risk of adverse outcomes in IVF
pregnancies may be a result of the IVF procedures themselves and the infertility itself together.
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Introduction

Assisted reproductive technology (ART) is a group of medical
procedures for treating infertility in which both male and
female gametes are handled outside the body to achieve con-
ception. Today, in the context of high incidence of infertility,’
an increasing number of couples require ART, such as in vitro
fertilization (IVF) and intracytoplasmic sperm injection (ICSI),
to build their family.” Up to now, the ART has contributed to
the birth of more than 5 million infants worldwide.® Children
conceived with ART currently constitute as much as 3.3% of all
births in Australia, 4.2% in Israel, 1.5% in Japan, 1.6% in the
United States, 5.9% in Denmark, and 1.7% to 2.2% in the
largest European countries (Germany, France, United King-
dom, and TItaly).*”’

Although ART may help infertile couples achieve preg-
nancy, the growth in the use of ART has raised concerns
because of the reported associations with pregnancy-related
complications and adverse pregnancy outcomes (APOs).'”
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Much of the increased risk with ART results from multiple
pregnancies,'' however, risks are increased even in singleton
pregnancies.'>'® The underlying mechanisms in the associa-
tion between ART and adverse outcomes are uncertain. One
hypothesis is that ART procedures themselves bring about
increased risks of poor outcomes in the ART pregnan-
cies.*!7"?° Additionally, it has been hypothesized that ART
procedures are not responsible for adverse outcomes, and the
underlying infertility-related diagnoses of the women who
undergo ART contribute directly to the adverse outcomes.?'**
Distinguishing between these possibilities is complicated by the
fact that most studies compare ART pregnancies with those of
fertile women rather than with those of infertile women who
did not undergo ART,**** which causes the effect of ART
procedures could not be distinguished from that of underlying
infertility. Besides, in the Chinese context, a comparison
group of births to women with indicators of subfertility with-
out ART has not been available in the past studies.

The IVF as one of forms of ART is the most common
procedure for infertility treatment in China. Our study aimed
at addressing the question whether IVF procedures themselves
or underlying infertility or a combination of these bring about
increased risks of adverse outcomes in the IVF singleton preg-
nancies. We used a hospital-based prospective cohort design to
develop a comparison group of singleton pregnancies with
indicators of subfertility who did not receive ART, thus permit-
ting the examination of underlying risks associated with infer-
tility and providing a more refined assessment of unique impact
of IVF on obstetric outcomes.

Methods
Recruitment of Study Participants

Recruitment was conducted by the Hunan Provincial Maternal
and Child Health Hospital from March 13, 2013, to February 25,
2016. The Hunan Provincial Maternal and Child Health Hospital
was founded in 1947 and is one of the oldest Maternal and Child
Health Hospitals in China. Study participants were recruited from
the Gynecology and Obstetrics Department, Infertility Clinic, and
Reproductive Center in this hospital. All pregnant women visiting
this hospital were recruited after giving informed consent when
they first participated in prenatal care. We performed this study
that accorded with Strengthening the Reporting of Observational
Studies in Epidemiology guidelines.?® The recruitment got assis-
tance from the China Postdoctoral Science Foundation, Hunan
Provincial Science and Technology Plan Project Foundation, and
Hunan Provincial Natural Science Foundation. The study was
approved by the ethics committee of the Hunan Provincial Mater-
nal and Child Health Hospital, and written informed consent was
obtained from all participants.

Inclusion Criteria and Grouping

The study population comprised eligible pregnant women, their
live-born and stillborn infants, and their spouses. For this

evaluation, we included participating women who (1) provided
informed consent to be in the evaluation; (2) belonged to sin-
gleton pregnancies; (3) participated in the follow-up process
and had a complete case report form (CRF); and (4) had a
pregnancy outcome that could be clearly evaluated. We
excluded deliveries of women younger than 15 years and
women older than 60 years because of the lack of comparable
ART and non-ART groups, respectively. Births of higher order
multiplicity (twin, triplet, and quadruplet) were excluded
because appropriate size references do not exist. We also
excluded the vanishing twins and pregnant women undergoing
egg donation.

The eligible pregnant women were further classified into 3
groups including the IVF group, the subfertile group, and the
fertile group. The IVF group consisted of pregnant women who
had a history of infertility and IVF treatment. The subfertile
group included pregnant women who had a recorded diagnosis
of infertility but not associated with assisted conception treat-
ment, such as donor oocyte procedures, gamete intrafallopian
transfer, IVF with fresh or frozen embryo cycles, and ICSI with
fresh or frozen embryo cycles, and were pregnant by minimal
medical intervention, ovulation induction (OI) and intrauterine
insemination only. The fertile group comprised those who were
pregnant by spontaneous conception and had no history of
infertility in their records and no infertility treatment.

Outcome Measures

The main outcomes of interest were pregnancy-related compli-
cations and APOs. The maternal complications involved were
gestational diabetes mellitus, pregnancy-induced hypertension,
placenta previa, placental abruption, premature rupture of
membranes, and anemia in pregnancy. The APOs involved
were preterm birth (PTB; defined as birth at <37 weeks of
gestation), very PTB (VPTB; defined as birth at <32 weeks
of gestation), low birth weight (LBW; defined as birth weight
<2500 g), very LBW (VLBW,; defined as birth weight <1500
g), perinatal mortality (defined as stillbirth, fetal death, or neo-
natal death), and congenital malformations (defined as all
major and minor malformations).

Information Collection

All women were followed up every month during their preg-
nancy. Their spouses were invited to participate in this study
and to provide some basic information. These children were
followed up until birth outcomes were clearly diagnosed. A
standardized CRF developed by experts was used to collect
information by specially trained nurses. For participating
women, we collected data regarding their sociodemographic
characteristics (ie, age, race, education, occupation, family’s
monthly income per person in the past 1 year, and body mass
index [BMI] before pregnancy), behavioral characteristics in
the past 6 months before pregnancy (ie, smoking condition,
alcohol use, and cocaine/crack use), previous obstetric charac-
teristics (ie, gravidity, parity, and previous pregnancy loss and
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related complications), characteristics of personal illness his-
tory before pregnancy (ie, sexually transmitted diseases, hys-
teromyoma, hypertension, hepatitis, diabetes mellitus,
congenital malformations, and Mediterranean anemia), dietary
and behavioral characteristics during pregnancy (ie, folic acid
use, active smoking, passive smoking, alcohol use, whether the
diet is balanced or not, and workloads), and incidence of
pregnancy-related complications. We also collected data (ie,
age, education, occupation, race, BMI, and behavioral charac-
teristics including smoking, alcohol use, and cocaine/crack
use) for spouses. For infants, we evaluated birth outcomes.

Data Analysis

We first compared the IVF and subfertile groups with the fertile
group as a reference and then compared the IVF group directly
with the subfertile group as a reference. Categorical variables
were described using frequencies and percentages, and the con-
tinuous variables were described using means + standard
deviation. In this study, all continuous variables were also
transformed into categorical variables. Proportions were com-
pared using > and Fisher exact test, as appropriate. Incidence
of adverse outcomes and their 95% confidence intervals (CIs)
were calculated. Odds ratios (ORs) and their 95% CI were used
to demonstrate the level of association. The unadjusted ORs
and adjusted ORs (aORs) were calculated by logistic regres-
sion. All factors that were significantly different between the
groups in the univariate analysis were included in the multi-
variable logistic regression. A P value of <.05 was considered
statistically significant, except where otherwise specified. All
analyses were performed using SAS v9.1 (SAS Institute Inc,
Cary, North Carolina).

Results

Recruitment of Study Participants

From March 13, 2013, to February 25, 2016, a total of 7023
pregnant women were recruited when they first participated in
prenatal care. Of these, 257 (3.7%) women selected the ter-
mination of pregnancy by artificial abortion or induced labor,
722 (10.3%) were still pregnant at the time of follow-up, 298
(4.2%) were lost to follow-up, and 107 (1.5%) lacked com-
plete CRF. Finally, 5639 eligible women were included in this
study. Of these, 2480 women were recruited into the fertile
group that consisted of pregnant women with no history of
infertility and no infertility treatment, 1899 women into the
subfertile group that included pregnant women with a
recorded diagnosis of infertility without ART, and 1260
women into the IVF group that comprised pregnant women
with a history of infertility and IVF treatment.

Sociodemographic and Behavioral Characteristics in the
3 Groups

Remarkable statistical differences were observed between the
groups for age, education level, and smoking condition and

alcohol use in the past 6 months before pregnancy (Table 1).
Overall, women in the IVF group were older (3> = 283.112,
P = .000), had a lower education level (y* = 188.497, P =
.000), and had a higher proportions of smoking (x> = 32.893,
P = .000) and alcohol use (3> = 16.656, P = .000) in the past
6 months before pregnancy than either the subfertile group or
the fertile group.

Obstetric Characteristics in the 3 Groups

There were significant statistical differences in the 3 groups for
obstetric characteristics including gravidity, parity, and history
of induced abortion, ectopic pregnancy, APOs, and pregnancy-
related complications (Table 2). Generally speaking, the IVF
group was more likely to be nulliparous (x> = 1508.652, P =
.000) and have a history of induced abortion (3> = 45.934, P =
.000), ectopic pregnancy (x> = 304.232, P = .000), APOs
(x* = 79.716, P = .000), and pregnancy-related complications
(x> = 48.293, P = .000), when compared with the other groups.

Characteristics of Personal lliness History Before
Pregnancy in the 3 Groups

Significant statistical differences were found for a history of
hepatitis, diabetes mellitus, and congenital malformations
before pregnancy in the 3 groups (Table 3). Overall, the inci-
dence of personal illness including hepatitis (> = 52.465,
P = .000), diabetes mellitus (x2 = 19.816, P = .000), and
congenital malformations (3> = 13.028, P = .001) before
pregnancy were evidently higher in the IVF group than in the
remaining groups.

Dietary and Behavioral Characteristics During Pregnancy
in the 3 Groups

The distribution of dietary and behavioral characteristics dur-
ing pregnancy observably differed in the 3 groups (Table 4).
Overall, the IVF group had a significantly increased propor-
tion of folic acid use (3 = 13.940, P = .001), active smoking
(x* = 21.734, P = .000), and passive smoking (x> = 8.176,
P = .017) during pregnancy but a lower proportion of alcohol
use (P = .025), dietary bias (x*> = 34.726, P = .000), and
heavy workloads (x> = 75.754, P = .000), when compared
with the other groups.

Spouse’s Sociodemographic and Behavioral
Characteristics in the 3 Groups

Spouse’s age, education level, and history of alcohol use sig-
nificantly differed in the 3 groups (Table 5). As a whole,
spouses in the IVF group were more likely to be older (3* =
220.787, P = .000), have a lower education level (3> =
111.132, P = .000), and have a lower proportion of alcohol
use (x> = 46.534, P = .000), when compared with those in the
other groups.
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Table 1. Percentage Distribution of Sociodemographic and Behavioral Characteristics in the 3 Groups.™®

Unadjusted
ORs (95% Cl)

Fertile Group Subfertile Group  IVF Group Subfertile
Characteristics (n = 2480) (n=1899) (n = 1260) Univariable Analysis IVF vs Fertile vs Fertile IVF vs Subfertile
Age (years) 288 + 4.2 29.72 + 43 313 + 38 1.85 (1.70-2.01)¢ 125 (1.17-1.34) 1.48 (1.36-1.61)°
<25 330 (13.3%) 182 (9.6%) 30 24%) x> =1283.112,P=.000 | | I
25-30 1224 (49.4%) 830 (43.7%) 450 (35.7%) 4.04 (2.74-5.97)°  1.23 (1.01-1.50)° 3.29 (2.20-4.92)°
30-35 681 (27.5%) 618 (32.5%) 510 (40.5%) 8.24 (5.57-12.18)°  1.65 (1.33-2.03) 5.01 (3.34-7.50)°
35-40 203 (8.2%) 239 (12.6%) 255 (20.2%) 13.82 (9.11-20.96)°  2.14 (1.65-2.77)° 6.47 (4.23-9.90)°
>40 42 (1.7%) 30 (1.6%) 15 (1.2%) 3.93 (1.96-7.90)°  1.30 (0.78-2.14) 3.03 (1.46-6.30)°
Race
Han 2411 (97.2%) 1840 (96.9%) 1223 (97.1%) x> = 0.400, P = .819 I | I
Minority 69 (2.8%) 59 (3.1%) 37 (2.9%) 1.06 (0.71-1.59) 1.12 (0.79-1.59) 0.94 (0.62-1.43)

Education level
Junior high school or below
Senior middle school
Bachelor degree
Master degree
Missing
Family monthly income per person in the past | year (RMB)
<2500
2500-5000
>5000
Missing
Body mass index before pregnancy
Standard body weight*
Underweight, overweight or obese®
Smoking condition in the past 6 months before pregnancy
No
Yes
Alcohol use in the past 6 months before pregnancy
No
Yes

History of cocaine/crack use in the past 6 months before pregnancy

No
Yes

242 (9.8%)

615 (24.8%)

1429 (57.6%)
177 (7.1%)
17 (0.7%)

395 (15.9%)
783 (31.6%)
510 (20.6%)
792 (31.9%)

1652 (66.6%)
828 (33.4%)

2465 (99.4%)
15 (0.6%)

2445 (98.6%)
35 (1.4%)

2480 (100.0%)

0

269 (14.2%)

466 (24.5%)

1007 (53.0%)
132 (7.0%)
25 (1.3%)

215 (11.3%)
537 (28.3%)
306 (16.1%)
841 (44.3%)

1274 (67.1%)
625 (32.9%)

1872 (98.6%)
27 (1.4%)

1861 (98.0%)
38 (2.0%)

1899 (100.0%)

0

315 (25.0%)

300 (23.8%)

540 (42.9%)
75 (6.0%)
30 (2.4%)

30 (2.4%)
240 (19.0%)
105 (8.3%)
885 (70.2%)

840 (66.7%)
420 (33.3%)

1223 (97.1%)
37 (2.9%)

1217 (96.6%)
43 (3.4%)

1260 (100.0%)

0

x* = 188.497, P = .000

x* = 534.068, P = .000

x% =0.120, P = 942

x* = 32.893, P = .000

x> = 16.656, P =.000

0.70 (0.64-0.75)
|

0.37 (0.30-0.45)
0.28 (0.24-0.34)
0.32 (0.23-0.44)
2.17 (2.01-2.34)°

|
4.04 (2.71-6.01)°
271 (1.77-4.15)°

14.71 (10.03-21.59)°

|
100 (0.86-1.15)

|
4.97 (2.72:9.09)°

|
2.47 (1.57-3.88)°

0.89 (0.83-0.96)°
[

0.67 (0.54-0.82)°
0.62 (0.52-0.75)°
0.66 (0.50-0.87)°
1.24 (1.17-1.31)°

[
126 (1.03-1.54)°
1.10 (0.89-1.37)
195 (1.61-2.37)°

[
0.98 (0.86-1.11)

[
2.37 (1.26-4.47)°

[
.43 (0.90-2.27)

0.79 (0.73-0.86)°
|

0.55 (0.44-0.68)°
0.46 (0.38-0.55)°
0.48 (0.35-0.67)°
1.71 (1.58-1.85)°

|
3.20 (2.12-4.83)°
2.46 (1.58-3.83)°
7.54 (5.09-11.18)°

|
1.02 (0.88-1.19)

|
2.10 (1.27-3.46)°

|
1.73 (1.11-2.69)

Abbreviations: ART, assisted reproductive technology; BMI, body mass index; Cl, confidence interval; IVF, in vitro fertilization; OR, odd ratio.

N = 5639.

®The fertile group consisted of women with no history of infertility and no infertility treatment; the subfertile group included women with indicators of subfertility without ART; the IVF group comprised women with a

history of infertility and IVF treatment.
“Statistically significant (o = .05).

9BMI with a range from 18.5 to 23.9.
°BMI >24 or <18.5.
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Table 2. Percentual Distribution of Obstetric Characteristics in the 3 Groups.*®

Unadjusted ORs (95% ClI)

Fertile Group  Subfertile Group IVF Group

Characteristics (n = 2480) (n = 1899) (n = 1260) Univariable Analysis IVF vs Fertile Subfertile vs Fertile  IVF vs Subfertile
Gravidity 2.10 + 1.8 2.16 + 1.70 220 + 1.23 1.17 (1.09-1.24)° 1.06 (1.01-1.12)° 1.10 (1.03-1.17)°

| 1153 (46.5%) 811 (42.7%) 465 (36.9%) x> = 33.549, P = .000 I I |

2 629 (25.4%) 505 (26.6%) 360 (28.6%) 1.42 (1.20-1.68)° 1.14 (0.99-1.32) 1.24 (1.04-1.48)°

3 363 (14.6%) 311 (16.4%) 240 (19.0%) 1.64 (1.35-1.99)¢ 1.22 (1.02-1.45)¢ 1.35 (1.10-1.65)¢

>4 335 (13.5%) 272 (14.3%) 195 (15.5%) 1.44 (1.17-1.78)° 1.15 (0.96-1.39) 1.25 (1.01-1.55)°
Parity

Nulliparous 643 (25.9%) 1432 (75.4%) 1020 (81.0%) x> = 1508.652, P = .000 I I I

Parous 1837 (74.1%) 467 (24.6%) 240 (19.0%) 0.08 (0.07-0.10)° 0.11 (0.10-0.13)° 0.72 (0.61-0.86)¢
History of induced abortion

No 1750 (70.6%) 1267 (66.7%) 750 (59.5%)  y* = 45.934, P = .000 I I |

Yes 730 (29.4%) 632 (33.3%) 510 (40.5%) 1.63 (1.42-1.88)¢ 1.20 (1.05-1.36)¢ 1.36 (1.18-1.58)¢
History of adverse pregnancy outcomes

No 1416 (57.1%) 980 (51.6%) 525 (41.7%) x> =79.716, P = .000 I I |

Yes 1064 (42.9%) 919 (48.4%) 735 (58.3%) 1.86 (1.62-2.14)¢ 1.25 (1.11-1.41)¢ 1.49 (1.29-1.72)¢
History of ectopic pregnancy

No 2439 (98.3%) 1776 (93.5%) 1050 (83.3%)  y* = 304.232, P = .000 I I |

Yes 41 (1.7%) 123 (6.5%) 210 (16.7%) 11.90 (8.45-16.76)° 4.12 (2.88-5.90)° 2.89 (2.28-3.65)¢
History of pregnancy-related complications

No 1809 (72.9%) 1328 (69.9%) 780 (61.9%)  y* = 48.293, P = .000 I I I

Yes 671 (27.1%) 571 (30.1%) 480 (38.1%) 1.66 (1.44-1.92)° 1.16 (1.02-1.32)° 1.43 (1.23-1.66)°

Abbreviations: ART, assisted reproductive technology; Cl, confidence interval; IVF, in vitro fertilization; OR, odd ratio.

N = 5639.

®The fertile group consisted of women with no history of infertility and no infertility treatment; the subfertile group included women with indicators of subfertility without ART; the IVF group comprised women with a

history of infertility and IVF treatment.
“Statistically significant (o = .05).
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Table 3. Percentual Distribution of Characteristics of Personal lliness History Before Pregnancy in the 3 Groups.*®

Unadjusted ORs (95% ClI)

Fertile Group  Subfertile Group IVF Group

Characteristics (n = 2480) (n = 1899) (n = 1260) Univariable Analysis IVF vs Fertile Subfertile vs Fertile  IVF vs Subfertile
History of sexually transmitted diseases

No 2472 (99.7%) 1896 (99.8%) 1260 (100.0%) P = .083 (Fisher exact test) |

Yes 8 (0.3%) 3 (0.2%) 0 0.49 (0.13-1.85)
History of hysteromyoma

No 2461 (99.2%) 1879 (98.9%) 1245 (98.8%) x> = 1.862, P = .394 | I |

Yes 19 (0.8%) 20 (1.1%) 15 (1.2%) 1.56 (0.79-3.08) 1.38 (0.73-2.59) 1.13 (0.58-2.22)
History of hypertension

No 2470 (99.6%) 1895 (99.8%) 1256 (99.7%) P = .568 (Fisher exact test) | | |

Yes 10 (0.4%) 4 (0.2%) 4 (0.3%) 0.79 (0.25-2.51) 0.52 (0.16-1.67) 1.51 (0.38-6.04)
History of hepatitis

No 2386 (96.2%) 1798 (94.7%) 1140 (90.5%) x> = 52.465, P = .000 | I |

Yes 94 (3.8%) 101 (5.3%) 120 (9.5%) 2.67 (2.02-3.53)° 1.43 (1.07-1.90)¢ 1.87 (1.42-2.47)¢

History of diabetes mellitus

No
Yes

History of congenital malformations

No
Yes

History of Mediterranean anemia

No
Yes

2476 (99.8%)
4(0.2%)

2474 (99.8%)
6 (0.2%)

2463 (99.3%)
17 (0.7%)

1892 (99.6%)
7 (0.4%)

1887 (99.4%)
12 (0.6%)

1888 (99.4%)
11 (0.6%)

1245 (98.8%)
15 (1.2%)

1245 (98.8%)
15 (1.2%)

1245 (98.8%)
15 (1.2%)

x? = 19.816, P = .000

2 —13.028, P = .00I

=
[

x> =4.087, P =.130

|
7.46 (2.47-22.52)°

[
4.97 (1.92-12.84)°

[
.75 (0.87-3.51)

|
2.29 (0.67-7.84)

|
2.62 (0.98-7.00)

|
0.84 (0.39-1.81)

|
3.26 (1.32-8.01)°

|
1.90 (0.88-4.06)

[
2.07 (0.95-4.52)

Abbreviations: ART, assisted reproductive technology; Cl, confidence interval; IVF, in vitro fertilization; OR, odd ratio.

N = 5639.

®The fertile group consisted of women with no history of infertility and no infertility treatment; the subfertile group included women with indicators of subfertility without ART; the IVF group comprised women with a

history of infertility and IVF treatment.
“Statistically significant (a = .05).



Table 4. Percentual Distribution of Dietary and Behavioral Characteristics During Pregnancy in the 3 Groups.*®

Unadjusted ORs (95% ClI)

Fertile Group  Subfertile Group IVF Group

109

Characteristics

(n = 2480)

(n = 1899)

(n = 1260)

Univariable Analysis

IVF vs Fertile

Subfertile vs Fertile

IVF vs Subfertile

Folic acid use during pregnancy
Yes
No

Active smoking during pregnancy
No
Yes

Passive smoking during pregnancy
No
Yes

Alcohol use during pregnancy
No
Yes

Dietary bias during pregnancy
No
Yes

Workloads during pregnancy
Light
Heavy

2401 (96.8%)
79 (3.2%)

2478 (99.9%)
2 (0.1%)

697 (28.1%)
1783 (71.9%)

2468 (99.5%)
12 (0.5%)

2182 (88.0%)
298 (12.0%)

1850 (74.6%)
630 (25.4%)

1854 (97.6%)
45 (2.4%)

1889 (99.5%)
10 (0.5%)

520 (27.4%)
1379 (72.6%)

1891 (99.6%)
8 (0.4%)

1716 (90.4%)
183 (9.6%)

1498 (78.9%)
401 (21.1%)

1245 (98.8%)
15 (1.2%)

1245 (98.8%)
15 (1.2%)

300 (23.8%)
960 (76.2%)

1260 (100.0%)
0

1185 (94.0%)
75 (6.0%)

1095 (86.9%)
165 (13.1%)

2 = 13.940, P = .001

¥ = 21.734, P = .000

x> =8.176,P = 017

P = .025 (Fisher exact test)

x* = 34.726, P = .000

y* = 75.754, P = .000

0.37 (0.21-0.64)°

14.93 (3.41-65.38)°

1.25 (1.07-1.46)°

0.87 (0.36-2.13)

0.46 (0.36-0.60)°

0.44 (0.37-0.53)°

|
0.74 (0.51-1.07)

6.56 (1.44-29.97)°

|
1.04 (0.91-1.19)

0.78 (0.64-0.95)°

0.79 (0.68-0.91)¢

[
0.50 (0.28-0.89)°

|
2.28 (1.02-5.08)°

[
1.21 (1.02-1.42)°

[
0.59 (0.45-0.78)°

|
0.56 (0.46-0.69)°

Abbreviations: ART, assisted reproductive technology; Cl, confidence interval; IVF, in vitro fertilization; OR, odd ratio.

’n = 5639.

®The fertile group consisted of women with no history of infertility and no infertility treatment; the subfertile group included women with indicators of subfertility without ART; the IVF group comprised women with a

history of infertility and IVF treatment.
“Statistically significant (o = .05).
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Table 5. Percentual Distribution of Spouse’s Sociodemographic and Behavioral Characteristics in the 3 Groups.*®

Unadjusted ORs (95% Cl)

Fertile Group  Subfertile Group IVF Group
Characteristics (n = 2480) (n = 1899) (n = 1260) Univariable Analysis IVF vs Fertile Subfertile vs Fertile  IVF vs Subfertile
Age, years 312 £ 52 322 + 53 339 + 47 1.45 (1.36-1.55)° 1.17 (1.10-1.23)° 1.24 (1.16-1.33)°
<25 127 (5.1%) 66 (3.5%) 0 x> = 220.787, P = .000 | I |
25-30 930 (37.5%) 553 (29.1%) 210 (16.7%) 0.43 (0.32-0.56)° 0.80 (0.63-1.01) 0.54 (0.40-0.72)°
30-35 796 (32.1%) 638 (33.6%) 435 (34.5%) 1.03 (0.79-1.34) 1.07 (0.85-1.36) 0.96 (0.73-1.27)
35-40 388 (15.6%) 412 (21.7%) 375 (29.8%) 1.82 (1.38-2.40)° 1.42 (1.10-1.83)° 1.28 (0.96-1.71)
>40 168 (6.8%) 148 (7.8%) 135 (10.7%) 1.52 (1.09-2.10)¢ 1.18 (0.87-1.60) 1.29 (0.91-1.81)
Missing 71 (2.9%) 82 (4.3%) 105 (8.3%) 0.87 (0.83-0.91)¢ 0.96 (0.93-1.00) 0.90 (0.86-0.95)¢
Education level
Junior high school or below 270 (10.9%) 219 (11.5%) 195 (15.5%) x> = 111.132, P = .000 | I |

Senior middle school
Bachelor degree
Master degree
Missing

Body mass index
Standard body weight®
Underweight, overweight, or obese®
Missing

History of smoking
No
Yes

History of alcohol use
No
Yes

History of cocaine/crack use
No
Yes

576 (23.2%)
1353 (54.6%)
196 (7.9%)
85 (3.4%)

1226 (49.4%)
1163 (46.9%)
91 (3.7%)

1104 (44.5%)
1376 (55.5%)

1068 (43.1%)
1412 (56.9%)

2473 (99.7%)
7 (0.3%)

475 (25.0%)
952 (50.1%)
145 (7.6%)
108 (5.7%)

890 (46.9%)
904 (47.6%)
105 (5.5%)

843 (44.4%)
1056 (55.6%)

872 (45.9%)
1027 (54.1%)

1896 (99.8%)
3 (0.2%)

345 (27.4%)
510 (40.5%)
90 (7.1%)
120 (9.5%)

555 (44.0%)
585 (46.4%)
120 (9.5%)

525 (41.7%)
735 (58.3%)

690 (54.8%)
570 (45.2%)

1260 (100.0%)
0

¥ =12492, P = 288

2 =3.113,P=2lI

x* = 46.534, P = .000

P = .142 (Fisher exact test)

0.83 (0.66-1.04)
0.52 (0.42-0.64)°
0.64 (0.47-0.87)°

|
I.11 (0.97-1.28)

[
.12 (0.98-1.29)

[

0.63 (0.55-0.72)°

0.56 (0.14-2.17)

1.02 (0.82-1.26)
0.87 (0.71-1.06)
0.91 (0.69-121)

|
1.07 (0.95-1.21)

|
1.01 (0.89-1.13)

|
0.89 (0.79-1.01)

0.82 (0.64-1.04)
0.60 (0.48-0.75)°
0.70 (0.50-0.97)°

|
.04 (0.90-1.20)

[
1.12 (0.97-1.29)

|
0.70 (0.61-0.81)°

Abbreviations: ART, assisted reproductive technology; BMI, body mass index; Cl, confidence interval; IVF, in vitro fertilization; OR, odd ratio.

*N = 5639.

®The fertile group consisted of women with no history of infertility and no infertility treatment; the subfertile group included women with indicators of subfertility without ART; the IVF group comprised women with a

history of infertility and IVF treatment.
“Statistically significant (o0 = .05).

9BMI with a range from 18.5 to 23.9.
°BMI >24 or <18.5.
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Incidence of Adverse Outcomes in the 3 Groups

Table 6 shows the unadjusted incidence of cesarean sections,
pregnancy-related complications, and APOs in the 3 groups.
There were significant statistical differences for the incidence
of cesarean sections, gestational diabetes mellitus, pregnancy-
induced hypertension, placenta previa, placental abruption,
premature rupture of membranes, PTB, LBW, VLBW, peri-
natal mortality, and congenital malformations in the 3 groups
(x*> > 13.104, all P < .001).

The IVF group compared with the fertile group was more
likely to have cesarean sections (53.2% vs 23.7%), gestational
diabetes mellitus (13.1% vs 8.8%), pregnancy-induced hyperten-
sion (7.0% vs 3.3%), placenta previa (4.0% vs 1.5%), placental
abruption (1.5% vs 0.3%), premature rupture of membranes
(6.8% vs 2.8%), PTB (17.6% vs 7.9%), LBW (16.9% vs
6.2%), VLBW (2.4% vs 1.0%), perinatal mortality (18.3%o vs
5.6%o), and congenital malformations (5.2% vs 1.4%).

The subfertile group compared with the fertile group was at
a higher incidence of cesarean sections (35.6% vs 23.7%),
pregnancy-induced hypertension (4.6% vs 3.3%), placenta pre-
via (2.4% vs 1.5%), premature rupture of membranes (4.1% vs
2.8%), PTB (12.8% vs 7.9%), LBW (11.4% vs 6.2%), and
congenital malformations (2.9% vs 1.4%).

The IVF group compared with the subfertile group had a
significantly increased incidence of cesarean sections (53.2%
vs 35.6%), gestational diabetes mellitus (13.1% vs 10.0%),
pregnancy-induced hypertension (7.0% vs 4.6%), placenta pre-
via (4.0% vs 2.4%), placental abruption (1.5% vs 0.6%), pre-
mature rupture of membranes (6.8% vs 4.1%), PTB (17.6% vs
12.8%), LBW (16.9%% vs 11.4%), VLBW (2.4% vs 1.1%),
perinatal mortality (18.3%o vs 8.4%o), and congenital malfor-
mations (5.2% vs 2.9%).

Findings From the Multiple Logistic Regression Analysis

Table 7 displays the aORs and 95% ClIs for adverse outcomes
of the 3 fertility groups, controlling for the covariates noted.
We compared the IVF and subfertile groups with the fertile
group as a reference and then compared the IVF group directly
with the subfertile group as a reference.

The IVF group compared with the fertile group had an evi-
dently higher risk of gestational diabetes mellitus (aOR = 2.36;
95% CI: 1.67-3.34), pregnancy-induced hypertension (aOR =
2.23; 95% CI: 1.37-3.64), placenta previa (aOR = 4.11; 95%
CI: 2.12-7.96), premature rupture of membranes (aOR = 4.60;
95% CI: 2.71-7.81), anemia in pregnancy (aOR = 2.17; 95%
CI: 1.42-3.31), PTB (aOR = 2.19; 95% CI: 1.59-3.02), LBW
(aOR = 2.82; 95% CI: 2.02-3.94), perinatal mortality (aOR =
2.72; 95% CI: 1.67-4.03), and congenital malformations
(aOR = 6.07; 95% CI: 3.14-11.72).

The subfertile group compared with the fertile group signif-
icantly increased the risk of placenta previa (aOR = 1.67; 95%
CI: 1.05-2.67), PTB (aOR = 1.31; 95% CI: 1.05-1.64), LBW
(aOR = 1.42; 95% CI: 1.12-1.81), and congenital malforma-
tions (aOR = 2.03; 95% CI: 1.28-3.21).

The IVF group compared with the subfertile group was at a
higher risk of gestational diabetes mellitus (aOR = 1.40; 95%
CI: 1.08-1.83), premature rupture of membranes (aOR = 1.45;
95% CI: 1.00-2.10), PTB (aOR = 1.26; 95% CI: 1.01-1.58),
LBW (aOR = 1.75; 95% CI: 1.36-2.24), perinatal mortality
(aOR = 1.95; 95% CI: 1.02-3.46), and congenital malforma-
tions (aOR = 1.81; 95% CI: 1.12-2.92).

Discussion

In recent years, available evidence has emerged that ART preg-
nancies are at an increased risk of poor outcomes when com-
pared with those conceived naturally. However, most studies of
outcomes of ART have not distinguished the effect of ART
from that of underlying infertility because of the absence of
appropriate control groups.24’25 The outcomes of ART preg-
nancies have been analyzed and compared with spontaneous
conceptions,”>**7? across different treatment parameters®>->
and within women themselves across different pregnan-
cies*!”** and within a survey population,® to measure the
delay in becoming pregnant. However, in the Chinese context,
a comparison group of pregnancies with indicators of subferti-
lity without ART has not been available in the past.

Our study has addressed several of the major problems that
have limited past research efforts to examine obstetric out-
comes, most notably the inability to distinguish between out-
comes that may be the result of ART and those resulting from
underlying infertility. The results demonstrated that many of
the adverse outcomes of IVF were also seen in the subfertile
pregnancies without ART treatment, which indicated that under-
lying infertility can result in poor outcomes and that these
occurred even in the absence of ART treatment. In the present
study, the women’s sociodemographic characteristics, beha-
vioral characteristics in the past 6 months before pregnancy,
obstetric history, personal illness history before pregnancy, and
dietary and behavioral characteristics during pregnancy, as well
as spouses’ sociodemographic and behavioral characteristics
were compared between the groups. We found that many risk
factors for infertility, such as advanced maternal age, obesity,
smoking, alcohol use, and previous pregnancy loss, were also
strong for adverse obstetric outcomes resulting in very strong
confounding by indication. However, we have controlled these
confounding factors using multiple logistic regression analysis.

After adjusting for a wide range of potential confounders,
we observed that gestational diabetes mellitus (aOR = 2.36),
pregnancy-induced hypertension (aOR = 2.23), placenta previa
(aOR = 4.11), premature rupture of membranes (aOR = 4.60),
anemia in pregnancy (aOR = 2.17), PTB (aOR = 2.19), LBW
(aOR = 2.82), perinatal mortality (aOR = 12.17), NRDS
(aOR = 1.69), and congenital malformations (aOR = 6.07)
were increased among the IVF pregnancies compared with
spontaneously conceived pregnancies in a fertile population,
but that placenta previa (aOR = 1.67), PTB (aOR = 1.31),
LBW (aOR = 1.42), and congenital malformations (aOR =
2.03) were also increased in a subfertile population. Besides,
the IVF pregnancies compared with those with indicators of
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Table 6. Incidence of Adverse Outcomes in the 3 Groups.>®

Outcomes

Fertile Group
(n = 2480)

Subfertile Group
(n = 1899)

IVF Group
(n = 1260)

Univariable Analysis

Unadjusted ORs (95% ClI)

IVF vs Fertile

Subfertile
vs Fertile

IVF vs
Subfertile

Cesarean sections
Pregnancy-related complications
Gestational diabetes mellitus
Pregnancy-induced hypertension
Placenta previa
Placental abruption
Premature rupture of membranes
Anemia in pregnancy
Adverse pregnancy outcomes
Preterm birth
Very preterm birth
Low birth weight
Very low birth weight
Perinatal mortality
Congenital malformations

23.7% (95% ClI

8.8% (95% Cl
3.3% (95% Cl
1.5% (95% Cl
0.3% (95% Cl
2.8% (95% Cl
7.0% (95% Cl

7.9% (95% Cl
1.4% (95% CI
6.2% (95% Cl
1.0% (95% CI

5.6% (95% Cl
1.4% (95% CI

:22.1-25.4) 35.6% (95% Cl: 33.5-37.8) 53.2% (95% Cl: 50.4-55.9)

:7.8-10.0)
:2.7-4.1)
£ 1.1-2.0)
:0.2:0.6)
:2.2-3.6)
:6.0-8.1)

:6.9-9.1)
£ 1.0-1.9)
:5.3-7.2)
:0.7-1.5)
:33-9.4)
: 1.0-2.0)

10.0% (95% Cl: 8.7-11.4)

4.6% (95% Cl: 3.8-5.7)
2.4% (95% Cl: 1.8-3.2)
0.6% (95% Cl: 0.4-1.1)
4.1% (95% CI: 3.3-5.0)
7.1% (95% Cl: 6.0-8.3)

12.8% (95% Cl: 11.4-14.4)

1.2% (95% Cl: 0.8-1.8)

11.4% (95% Cl: 10.0-12.9)

1.1% (95% CI: 0.7-1.7)

8.4%o (95% Cl: 5.2-13.6)

2.9% (95% Cl: 2.2-3.8)

13.1% (95% Cl: 11.4-15.1)

7.0% (95% Cl: 5.7-8.5)
4.0% (95% Cl: 3.0-5.2)
1.5% (95% Cl: 1.0-2.4)
6.8% (95% Cl: 5.6-8.4)
7.5% (95% Cl: 6.1-9.0)

17.6% (95% Cl: 15.6-19.8)

1.2% (95% Cl: 0.7-2.0)

16.9% (95% Cl: 14.9-19.1)

2.4% (95% CI: 1.7-3.4)

18.3%q (95% Cl: 12.2-27.3)

5.2% (95% Cl: 4.1-6.5)

x% = 324.050, P = .000

x* = 16.782, P = .000
%% = 25.906, P = .000
x* =23.348, P = .000
x* = 17.241, P = .000
x? = 33.838, P = .000
x*=0.310, P = .858

x* =79411, P =.000
x* = 0452, P =.798
x> = 106411, P =.000
x* = 13.104, P = .00|
x* = 14.558, P = .001
%% = 44.126, P = .000

1.91 (1.78-2.06)

125 (1.12-1.39)°
1.48 (1.27-1.73)°
1.68 (1.35-2.08)°
2.18 (1.44-3.29)°
159 (1.35-1.87)°
1.04 (0.91-1.18)

1.58 (1.42-1.75)°
0.93 (0.69-1.26)

1.75 (1.57-1.96)°
1.55 (1.18-2.02)°
1.81 (1.30-2.53)°
1.95 (1.58-2.40)°

.78 (1.56-2.03)°

.14 (0.93-1.40)
.42 (1.05-1.93)°
1.65 (1.06-2.57)°
1.97 (0.80-4.82)
|46 (1.05-2.02)°
1.01 (0.80-1.28)

1.71 (1.40-2.09)
0.84 (0.49-1.45)
1.94 (1.56-2.41)°
110 (0.61-1.97)
.50 (0.73-3.07)
2.08 (1.36-3.20)°

2.05 (1.78-2.38)°

136 (1.09-1.70)°
1.5 (1.14-2.10)°
1.70 (1.13-2.56)°
241 (1.17-4.98)°
1.73 (1.26-2.38)°
1.06 (0.81-1.40)

.46 (1.20-1.78)°
1.03 (0.53-1.99)

159 (1.29-1.95)°
2.18 (1.24-3.83)°
2.19 (1.15-4.16)°
.82 (1.26-2.63)°

Abbreviations: ART, assisted reproductive technology; Cl, confidence interval; IVF, in vitro fertilization; OR, odd ratio.

N = 5639.

®The fertile group consisted of women with no history of infertility and no infertility treatment; the subfertile group included women with indicators of subfertility without ART; the IVF group comprised women with a

history of infertility and IVF treatment.
“Statistically significant (o0 = .05).
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Table 7. Multiple Logistic Regression Analysis of the Risk for Pregnancy-Related Complications and Adverse Pregnancy Outcomes.?

Adjusted ORs (95% ClI)

The IVF Group
vs the Fertile Group®

The Subfertile Group
vs the Fertile Group®

The IVF Group

Outcomes vs the Subfertile Group?

Pregnancy-related complications

Gestational diabetes mellitus 2.36 (1.67-3.34)° 1.20 (0.96-1.49) 1.40 (1.08-1.83)°
Pregnancy-induced hypertension 2.23 (1.37-3.64)° 1.19 (0.85-1.66) 1.19 (0.84-1.68)
Placenta previa 4.11 (2.12-7.96)° 1.67 (1.05-2.67)° 1.62 (0.98-2.68)
Placental abruption 2.63 (0.68-10.14) 1.41 (0.52-3.82) 1.27 (0.57-2.83)
Premature rupture of membranes 4.60 (2.71-7.81)° 1.41 (0.99-2.01) 1.45 (1.00-2.10)¢
Anemia in pregnancy 2.17 (1.42-3.31)¢ 1.20 (0.94-1.53) 1.34 (0.96-1.88)
Adverse pregnancy outcomes
Preterm birth 2.19 (1.59-3.02)° 1.31 (1.05-1.64)° 1.26 (1.01-1.58)°
Very preterm birth 0.77 (0.36-1.65) 0.66 (0.36-1.21) 0.42 (0.11-1.61)
Low birth weight 2.82 (2.02-3.94)¢ 1.42 (1.12-1.81)° 1.75 (1.36-2.24)°
Very low birth weight 1.42 (0.64-3.17) 0.53 (0.26-1.09) 0.67 (0.24-1.87)
Perinatal mortality 2.72 (1.67-4.03)° 1.71 (0.95-3.08) 1.95 (1.02-3.46)°

Congenital malformations 6.07 (3.14-11.72)°

2.03 (1.28-3.21)°

1.81 (1.12-2.92)°

Abbreviations: APO, adverse pregnancy outcome; ART, assisted reproductive technology; Cl, confidence interval; IVF, in vitro fertilization; OR, odd ratio.
*The fertile group consisted of women with no history of infertility and no infertility treatment; the subfertile group included women with indicators of subfertility
without ART; the IVF group comprised women with a history of infertility and IVF treatment.

®Adjusted for maternal age, education level, family monthly income per person in the past | year, smoking condition and alcohol use in the past 6 months before
pregnancy, gravidity, parity, history of induced abortion and ectopic pregnancy, history of APOs and pregnancy-related complications, personal illness history
including hepatitis, diabetes mellitus and congenital malformations, folic acid use, active and passive smoking, and dietary bias and workloads during pregnancy, as
well as paternal age, education level, and history of alcohol use; additionally, when assessing the risk of APOs, we also adjusted for current pregnancy-related
complications.

“Adjusted for maternal age, education level, family monthly income per person in the past | year, smoking condition in the past 6 months before pregnancy,
gravidity, parity, history of induced abortion and ectopic pregnancy, history of APOs and pregnancy-related complications, personal hepatitis history, active
smoking, and dietary bias and workloads during pregnancy, as well as paternal age; additionally, when assessing the risk of APOs, we also adjusted for current
pregnancy-related complications.

dAdjusted for maternal age, education level, family monthly income per person in the past | year, smoking condition and alcohol use in the past 6 months before
pregnancy, gravidity, parity, history of induced abortion and ectopic pregnancy, history of APOs and pregnancy-related complications, personal illness history

including hepatitis and diabetes mellitus, folic acid use, active and passive smoking, and dietary bias and workloads during pregnancy, as well as paternal age,
education level and history of alcohol use; additionally, when assessing the risk of APOs, we also adjusted for current pregnancy-related complications.

“Statistically significant (o = .05).

subfertility without ART were at a higher risk of gestational
diabetes mellitus (aOR = 1.40), premature rupture of mem-
branes (aOR = 1.45), PTB (aOR = 1.26), LBW (aOR =
1.75), perinatal mortality (aOR = 5.36), and congenital mal-
formations (aOR = 1.81). Some studies have been conducted to
examine the outcomes of mothers with subfertility indicators
who were pregnant without ART treatment, but they have gen-
erally been based on non-Chinese data sources*'=*°7% or
systematic reviews that primarily drew on non-Chinese stud-
ies.***° In addition, these studies mainly focused on the APO
except for congenital malformations and ignored the
pregnancy-related complications. Previous studies generally
found, as we did, an increased risk of PTB and LBW among
pregnancies with subfertility indicators independent of ART.
The importance of the present work is to extend these com-
parisons to a Chinese population in which ART treatment para-
meters, including the amount of ovulation stimulation
medication and number of embryos transferred, may be differ-
ent than those of other countries. When comparing the obstetric
outcomes of ART pregnancies with those conceived sponta-
neously, our findings were largely consistent with the past
studies.>’>? Our previous reviews'"'® also suggested that the

ART pregnancies compared with those conceived sponta-
neously in a fertile population experienced a significantly
increased risk of pregnancy-induced hypertension, gestational
diabetes mellitus, placenta previa, placental abruption, antepar-
tum or postpartum hemorrhage, polyhydramnios or oligohy-
dramnios, cesarean sections, PTB, VPTB, LBW, VLBW,
small for gestational age, perinatal mortality, and congenital
malformation.

The reasons for the increase in adverse outcomes with ART
are uncertain and warrant further research. Previous
reports*! 7222338 have indicated that an increased risk of poor
outcomes in pregnancies generated with ART may be a result
of the ART procedures themselves or the underlying infertility
of couples seeking treatment. Whether one or a combination of
these factors contributing to obstetric risk remains unclear.
Some studies™!”'82% suggested that factors associated with
ART procedures themselves, such as the medications used to
induce ovulation or to maintain the pregnancy in the early
stages, the culture media composition, the length of time in
culture, the freezing and thawing of embryos, the potential for
polyspermic fertilization, the delayed fertilization of the
oocyte, altered hormonal environment at the time of
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implantation, and the manipulation of gametes and embryos or
a combination of these, may increase the risk of adverse out-
comes. However, some studies have concluded that the ART
procedures associated with IVF and ICSI are not responsible
for these adverse outcomes. This viewpoint is supported by
studies of subfertile women who conceived without the aid of
ART and yet exhibited an increased risk of PTB, 2!23-36-41-42
LBW,?>36:41:42 herinatal mortality,”® congenital malforma-
tions,*! pregnancy-induced hypertension or preeclampsia,>®*!*2
gestational diabetes,*' and cesarean delivery.>**'**> Our study
confirmed that the ART procedures themselves and underlying
infertility together contributed to poor outcomes in the ART
pregnancies.

This study has several strengths. First, the data are compre-
hensive and unique as they include numerous variables related
to both exposures and outcomes. We collected the maternal
sociodemographic characteristics, behavioral characteristics
in the past 6 months before pregnancy, obstetric history char-
acteristics, personal illness history before pregnancy, dietary
and behavioral characteristics during pregnancy, paternal
sociodemographic and behavioral data, and neonatal data,
which allow us to tightly control for potential confounding
between the groups when assessing the risk of adverse out-
comes. Accordingly, the data provide us with the opportunity
to refine previous study questions and conduct novel analyses
among distinct subgroups of the population. Second, we used a
prospective cohort study design, which minimizes recall and
selection biases. Moreover, the cohort study design allows for
an assessment of several outcomes simultaneously, which is
not only more comprehensive but also helps to assess the valid-
ity of the study findings. Third, our outcomes of interest were
wide. We are not only concerned about the APOs but also
concerned about pregnancy complications in the same popula-
tion, which will provide basic data for the assessment of ART
safety and its long-term risk. Fourth, all patients included in
this study came from the same fertility center treated by essen-
tially the same team of care providers who followed similar
protocols and this reduced difficulties in the interpretation of
results caused by differences in techniques across centers or
among staff. Finally, outcomes in this study were assessed by a
team consisting of epidemiologist, obstetrician, neonatologist,
and research nurse using structured chart review. Charts for
uncertain diagnoses were audited and adjudicated by the chart
review team, and the final diagnosis was reached by the con-
sensus of the team.

Potential limitations of this study should be considered.
First, although a wide range of potential confounding factors
have been adjusted, we still cannot rule out the possibility that
residual confounding including environmental exposure before
or during pregnancy, ethnic background, allogenic nature of the
fetus, and pregnancy intention could affect the results, because
these factors do not explain all of the obstetric risk. Second, the
sample size was not large enough, especially for rare outcomes
and analysis restricting study individuals with specific charac-
teristics. Perceivable differences between crude and adjusted
estimations have resulted because of the limited sample and the

need to adjust for several important confounding factors simul-
taneously. Third, our study populations from the same fertility
center treated by the same team of care providers and controls
from the same catchment area could lead to increased internal
validity,2 which may affect the representativeness of samples,
bring about a selection bias, and compromise the generalization
of the study findings. Fourth, some women in the fertile group
may have been exposed to hormones through non-ART OI or
ovarian stimulation protocols. In addition, a small percentage
of couples in the non-ART group may have experienced sub-
fertility similar to the ART group but continued to attempt
conception without ART and were then successful. This would
possibly have the effect of weakening the ORs of poor out-
comes related to infertility.*> Additionally, we were also
unable to determine definitively how long mothers in the sub-
fertile group had been trying to conceive and whether they
conceived spontaneously or used fertility drugs or other non-
ART procedures to conceive. Longer infertile intervals have
been associated with a greater risk for adverse outcome.>® This
may explain some of the differences between the ART and
subfertile groups. Likewise, we were not able to assess time
to pregnancy for women in the fertile group. However, our
study question focused on the overall impact of the use of ART
rather than an explicit comparison between the fertility drug
use and ART.

In summary, the present study indicated that an increased
risk of adverse outcomes in singleton pregnancies created with
ART could be a result of the ART procedures themselves and
the infertility itself together. Our study has provided a strong
evidence for a significant role of underlying infertility-related
diseases as a major contributing factor to increase the risk of
maternal complications and APOs in the ART pregnancies.
Future research on the subfertility group itself can yield impor-
tant information through refinement of the subfertility measure
and further exploration of poor outcomes in this population. An
improved understanding of this topic will have important clin-
ical implications, given the possibility that the clear results
might be useful for counseling ART patients and properly
designing the consent forms.
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