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Low-technology assisted
reproduction and the risk of preterm
birth in a hospital-based cohort
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Objective: To estimate the risk of preterm birth in singleton infants conceived through low-technology assisted reproduction
(intrauterine insemination and/or ovulation induction/stimulation).

Design: Hospital-based cohort study.

Setting: University-affiliated hospital.

Patient(s): Singleton babies born between 2001 and 2007 to 16,712 couples with no reported infertility (reference category), 378 babies
conceived with low-technology treatment; 437 conceived with high-technology treatment; and 620 conceived naturally after a period
of infertility.

Intervention(s): None. Treatment data were obtained from couples undergoing standard infertility investigation and care.

Main Outcome Measure(s): Preterm birth, defined at three clinical endpoints: <37, <35, and <32 weeks of completed gestation.
Result(s): After adjustment for age, parity, education, smoking, alcohol/drug use, and body mass index, the risk ratios and 95% con-
fidence intervals (CI) of preterm birth for low technology were: 1.49 (CI: 1.12-2.00); 2.02 (CI: 1.30-3.13); and 2.93 (CI: 1.63-5.26) at
<37, <35, and <32 weeks gestation, respectively, not dissimilar from the estimates for in vitro fertilization. Restricting the analysis
to primiparas strengthened the association between treatment and preterm birth at the lower gestational endpoints. The increased
risk persisted when the untreated group was used as the reference category, although the estimates were attenuated.

Conclusion(s): In this large hospital-based cohort study, low-technology assisted reproduction appeared to be a moderately strong
predictor of preterm birth, with similar associations observed in the high-technology treatment group. After adjusting for
confounders, as well as the shared characteristics of infertile couples, associations were attenuated but remained significant,
suggesting that part of the risk is likely attributable to the treatment. (Fertil Steril® 2015;103: P
81-8. ©2015 by American Society for Reproductive Medicine.)
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orldwide, nearly 5 million
Wbabies have been born
through assisted reproduc-

tive technology (ART) since 1978, rep-
resenting between 1% and 4% of all
births (1, 2). Although many more
infants are conceived with non-ART

procedures, such as ovulation induc-
tion and intrauterine insemination
(IUT), the population surveillance is un-
common, and the full extent of their
use is unknown (3). It has, however,
been estimated that ovulation induc-
tion alone accounts for two to six times
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more births than ART in the United
States (3), making medically assisted
reproduction an important public
health issue.

Extensive research has been per-
formed on the health of ART-conceived
children over the last two decades. Find-
ings have consistently shown that babies
born as a result of in vitro fertilization
(IVF) and intracytoplasmic sperm
injection (ICSI) are at increased risk of
adverse outcomes, including preterm
birth (4-18). Although more recent
studies suggest that the overall risks
associated with ART have declined in
younger cohorts (14), singleton
pregnancies remain at a higher risk of
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complication (7, 10, 13, 14, 17-19). Furthermore, a substantial
body of evidence suggests that couples conceiving naturally
after a long time to pregnancy (TTP) are also at increased risk
of preterm birth (14, 20). Most research has focused on
IVE-based technologies, but studies examining the risk of infer-
tility itself by examining the naturally conceived pregnancies
have not always been able to rule out non-IVF based treatment,
and in particular, the use of pharmacotherapeutic ovulation
induction agents prescribed outside a reproductive clinic
setting (3, 14, 20).

“Low” technology treatments, such as ovulation induction
or ovarian stimulation protocols (0S), alone or combined with
IUI, are extensively relied upon as first-line methods in assisted
reproduction (21, 22). Considering their widespread use and the
number of babies born as a result of these procedures (3), there
is comparatively little research examining their effect on
pregnancy outcomes (14).

In this study, we estimate the risk of preterm birth in
singleton infants conceived after different categories of
treatment exposure compared with a reference group with
no reported infertility. In particular, we investigate the risk
associated with low-technology assisted reproduction (IUI
and/or 0S) as fewer studies exist on their potential effect on
perinatal outcomes such a preterm birth.

MATERIALS AND METHODS
Study Population and Data

We assembled a hospital-based cohort of births from women
residing in Montreal, Canada, who delivered at a large
tertiary-care hospital from April 2001 to September 2007.
Data were based on the hospital’s extensive maternal and
neonatal database (MOND) with virtually complete records
for all live births and stillbirths (the latter recorded only if
>500 g). The MOND included 25,198 records during the study
period. We used a priori exclusion and inclusion criteria to
reduce bias and confounding due to the hospital-based
design. We excluded the following: high-risk referral preg-
nancies and births, women residing outside the city, women
<20 and >45 years of age, and those with comorbidities
known to be associated with both ART and preterm birth
(see Supplemental Fig. 1, available online, for cohort forma-
tion). Twins and higher order multiples were also excluded,
as preterm birth is very common among twins.

To complement the infertility information in MOND, we
identified those women who had attended the hospital’s
reproductive clinic and had given birth within 36 months of
their initial clinic appointments. We only requested a sample
of charts (908 of 1,382) as the primary objective of the selec-
tion process was to obtain only those charts whereby we had
missing information on the underlying cause of infertility in
MOND. We obtained 839 of the requested medical charts, re-
sulting in 1,050 births, and we abstracted information on
diagnosis and treatment blindly with respect to the outcome
(see Supplemental Fig. 2, available online, for medical chart
identification and the abstraction process).

The final cohort comprised 18,147 singleton pregnancies.
The reference group (n = 16,712) consisted of all pregnancies
for which we had no indication of infertility based on either

the MOND or the reproductive clinic data. The infertility
exposed group (n = 1,435) comprised pregnancies conceived
after a period of infertility, either naturally or after treatment.
The study was approved by the McGill University Health
Centre Institutional Ethics Review Board.

Classification of Exposure Status

We determined the infertility status for each pregnancy by us-
ing all relevant variables in MOND, complemented with the
data collected from the medical chart. Time to pregnancy
(TTP) was only available for women attending the infertility
clinic and whose chart was obtained, so we relied on the
infertility variable in MOND to determine eligibility in the
exposed group. Among pregnancies with recorded TTP, those
conceived after at least 12 months of trying were included as
part of the infertile group. Those with <12 months and no
record of treatment were included in the reference group
(n = 14). Instances where we did not have TTP were classified
in the reference group if there was no record of infertility or
treatment in MOND (n = 268).

To determine treatment status, we first estimated the date
of conception (calculated by subtracting gestational age from
the infant’s birth date). Based on this, a pregnancy was
considered positive for treatment if the last recorded clinic
cycle listed any form of treatment or if treatment was reported
in MOND.

We separated pregnancies by type of treatment: low-
technology (IUI or OS, alone or in combination) and high-
technology (IVF, ICSI, or other procedures whereby gametes
were manipulated in vitro). If present, the treatment informa-
tion reported in the medical chart was considered as the gold
standard in the event of discrepancies between the clinic and
MOND data. When only the MOND data were available, these
were considered valid. A pregnancy was considered naturally
conceived if it was conceived within 90 days of the last re-
corded cycle and no treatment was indicated in either
MOND or the clinic chart, or if it was conceived after
90 days of the last recorded/available cycle and there was
no indication of treatment in MOND.

Outcome Definition

Preterm birth was defined as any pregnancy that ended be-
tween 20 and <37 gestational weeks, either as a live- or still-
birth. Pregnancies ending before 20 weeks were considered
miscarriages and were excluded from the analysis (see
Supplemental Fig. 1). Gestational age at birth in the
hospital’s database was estimated by an algorithm based on
the first day of the last known menstrual period when
confirmed by early ultrasound within £ 10 days. In cases
where the last known menstrual period and early ultrasound
estimates differed by more than 10 days, the latter was used.
When the last known menstrual period was unknown,
gestational age was based on ultrasound alone. We examined
preterm birth at three clinical end points: [1] overall
preterm birth: <37 weeks versus >37 weeks; [2] moderate
preterm birth: <35 weeks versus > 37 weeks; [3] very preterm
birth: <32 weeks versus > 37 weeks.
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Covariates

Covariates were selected a priori, based on risk factors for
both infertility/treatment and preterm birth. Maternal age
and education, parity, smoking, and alcohol or drug use dur-
ing pregnancy as well as reported prepregnancy weight and
height were obtained from MOND. Maternal age at delivery
was categorized into five groups (ages 21-28, 29-32, 33-35,
36-39, and 40-44), and maternal education (<12 years; 12
to 16 years; > 16 years) and parity (0, 1, 2, or higher) were
also noted. Body mass index (BMI) was calculated using the
prepregnancy weight in kilograms divided by the square of
height in meters, categorized as <18.5, 18.5-25, 25-30, and
>30. Because of the high proportion of missing weight and
height data, we used multiple imputation and re-estimated
BMI for further analysis. Smoking and alcohol/drug use
were self-reported during pregnancy and entered as binary
variables.

Statistical Analyses

All statistical analyses were performed using Stata statistical
software, version 12 (Stata Corporation). We first examined
the characteristics of the study population and the frequency
of the outcome by treatment exposure group compared with
the reference category with no reported infertility. We esti-
mated crude and adjusted risk ratios using generalized linear
models with a log-link and binomial distribution for each
definition of preterm birth by categories of treatment expo-
sure. We selected a minimum set of covariates—age, parity,
education, alcohol/drug use, and smoking—for the base model
and subsequent models.

The fraction of missing information was 0.30 for weight,
0.48 for height, and 0.11 for education, and we thus show the
nonimputed BMI-adjusted analysis in a separate model, as
these produced less stable estimates. To address the missing
BMI and education data, we used multiple imputation via
chained equations (MICE) procedures to impute missing
values for continuous height and weight variables, and we
generated 10 imputed data sets (23). We used imputed height
and weight values to recalculate BMI, and fitted multiple-
imputed-models, with complete BMI and education values
for the study population.

We performed these analyses on all singleton births and
then restricted the analysis to only first births. Restricting
on parity allowed us to examine the effect of primary infer-
tility and to additionally address the potential effect of clus-
tering of pregnancies by mother. For models that did not
restrict to first births, we adjusted for clustering to account
for the lack of independence between pregnancies to the
same mother.

Sensitivity Analyses

Several investigators have recommended that to assess the
“pure” effect of treatment, an untreated infertile population
should serve as the reference category against different treat-
ment groups (14, 24-26). Such an approach results in partially
controlling for the effect of the underlying pathologies that
cause infertility, and estimates an effect of treatment that is

Fertility and Sterility®

potentially unconfounded by the shared characteristics of
infertile couples. We performed this analysis in an attempt
to separate the effect of treatment from that of the
underlying infertility.

In addition, as during the study period the province of
Quebec had not yet implemented a publicly funded ART pro-
gram, we were concerned that infertile couples with a lower
socioeconomic status may have opted for low-technology
treatment rather than paying for more expensive IVF treat-
ment. Thus, using years of education as a proxy for socioeco-
nomic status, we excluded the lowest education group
(<12 years). We also wanted to determine whether there
were differences by type of low-technology treatment, so
we stratified our analysis by 0S-only, OS with IUI, and
[UI-only to assess this possibility. Finally, as we did not
request or obtain every chart from the reproductive clinic
(see Supplemental Fig. 2), we initially considered those births
with no recorded infertility in MOND (n = 268) as belonging
to the reference category. In a sensitivity analysis, we
removed this subset from the reference category and included
them in the untreated infertile group under the assumption
that these pregnancies were conceived spontaneously after
a period of infertility.

RESULTS

The study cohort comprised 18,147 singleton pregnancies
with 1,435 (7.9%) classified in the infertile group (see
Supplemental Fig. 1). Among the infertile, 620 (43.2%)
conceived naturally without treatment, 378 (26.3%)
conceived with low-technology and 437 (30.5 %) with
high-technology treatment. In Table 1, we describe the study
characteristics by treatment exposure group. The incidence of
preterm birth varied by mode of conception. The untreated
naturally conceived had the highest frequency of obesity
and smoking during pregnancy. The low-technology group
was younger and less educated compared with the other infer-
tile categories and also had a high frequency of obesity.
Women in the high-technology group were older and more
educated, and were mainly nulliparous.

We report the crude and adjusted risk ratios (RR) and 95%
confidence intervals (CI) for each of the three preterm birth end
points by exposure group, in all pregnancies, and restricted to
first pregnancies only (Tables 2 and 3, respectively). The rela-
tive risk of preterm birth increased as the threshold for defining
preterm birth became more stringent, irrespective of the model,
and was strongest in the low-technology group. The relative
risk of birth before 32 weeks was most pronounced among pri-
miparas in all three infertility-exposed groups (see Table 3).

In models taking into account missing data by multiple
imputation (model 3), we observed a similar trend of
increasing risk of preterm birth with decreasing gestational
age, with the low-technology treatment group having the
highest relative risk, although not statistically significantly
different from high-technology treatment. Adjusting for
BMI attenuated the effect most markedly in the treated
groups. Primiparas had a marginally lower risk of preterm
birth at <37 weeks compared with all pregnancies, but their
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TABLE 1

Characteristic of singleton births by treatment exposure group.

Characteristics Reference category (n = 16,712)

Age group (y)

Untreated (n = 620)

Treatment exposure group

Low technology (n = 378)  High technology (n = 437)

21-28°2 4,320 (25.9) 57 (9.2) 70 (18.5) 21(4.8)
29-32 5,315 (31.8) 140 (22.6 109 (28.8) 68 (15.6)
33-35 3,672 (22.0) 161 (26.0 97 (25.7) 107 (24.5)
36-39 2,630 (15.7) 193 (31.1 77 (20.4) 166 (38.0)
40-44 775 (4.6) 69 (11.1 25 (6.6) 75(17.2)
Parity
0 7,754 (46.4) 325 (52.4) 245 (64.8) 327 (74.8)
129 6,252 (37.4) 226 (36.4) 110 (29.1) 100 (22.9)
2 2,706 (16.2) 69 (11.1) 23 (6.1) 10(2.3)
Education (y)
<12 1,794 (10.7) 55 (8.9) 41 (10.8) 29 (6.6)
12-16 5,160 (30.9) 124 (32.3 124 (32.8) 121 (27.7)
>16° 7,949 (47.6) 310 (50.0 171 (45.2) 246 (56.3)
I\/Ibissmg 1,809 (10.8) 55 (8.9) 42 (11.1) 41 (9.4)
BMI
<18.5 317 (1.9) 18 (2.9 11(2.9) 7(1.6)
18.5 to <257 3,803 (22.8) 301 (48. 172 (45.5) 214 (48.9)
25 to <30 1,445 (8.6) 129 (20. 67 (17.7) 55(12.6)
30+ 793 (4.7) 83 (13. 49 (13.0) 40 (9.1)
Missing 10,354 (62.0) 89 ( 79 (20.9) 121 (27.7)
Smoking 956 (5.7) 83 ( 29 (7.7) 28 (6.4)
Alcohol/drug use 384 (2.3) 12(1.9) 4(1.1) 6 (1.4)
TTP median® 46 (29-67) 41 (27-62) 51 (34-87)
Preterm birth (wk)
<37 1,202 (7.2) 53 (8.6 42 (11.1) 51(11.7)
<35 395 (2.5) 15 (2.6 20 (5.6) 17 (4.2)
<32 161 (1.0) 9(1.6 2(3.4) (2.3)

Note: All values are n (%). Total singleton study cohort: 18,147.
2 Reference category.

g Body mass index (BMI) reported in N = 7,504: untreated (n = 531); low tech (n = 299); high tech (n = 316).
€ TTP (time to pregnancy) was known only for the women seen at the reproductive clinic (n = 957; 8.8% did not report TTP). We present median (25% to 75%) total TTP, which includes reported

number of months trying to conceive before seeking treatment plus time until conception.

Messerlian. Low-technology treatment and preterm birth. Fertil Steril 2015.

risk in the fully adjusted BMI models increased at <35 and
<32 weeks in all three exposure groups.

As expected, using the untreated infertile group as the
reference category resulted in weaker relative risks among
treated pregnancies, especially in the crude estimates
(Table 4). Adjusting for clustering (data not shown) and
time to pregnancy (see Table 4) did not materially change
the estimates. Moreover, the sensitivity analyses suggested
that primarily the IUI, and OS with IUI groups, rather than
the OS group alone, were driving the observed association,
although power in this analysis was limited. Restricting to
pregnancies among women with at least a high school educa-
tion did not change the results (see Table 4). When the 268
pregnancies that were identified as having uncertain infer-
tility exposure were moved from the reference category to
the untreated infertile group, the results were virtually
unchanged (data not shown).

DISCUSSION

Our results suggest that singleton pregnancies conceived us-
ing low-technology treatment are at risk of moderate and
very preterm birth, after adjusting for relevant covariates.
Using multiple imputed data to further adjust for BMI

attenuated the association, but the conclusions remained un-
changed. Associations were strongest in first births, suggest-
ing that primary infertility is a stronger risk factor for preterm
birth. We observed similar results in the high-technology
treatment group, suggesting that both forms of assisted repro-
duction are associated with an elevated risk of the outcome.
We presented the main analysis using a general obstetric pop-
ulation as the reference to highlight the potential risks in
singletons associated with this common form of treatment.
Nevertheless, we also observed an increased risk when using
untreated infertile couples as a reference category. To our
knowledge, this is the first study to examine three potential
modes of conception after a period of infertility on the risk
of preterm birth using a hospital’s administrative database
complemented by primary clinical data.

Our results were robust to sensitivity analyses that
explored whether the observed risk was driven by either infer-
tility itself or by a subset of pregnancies within the low-
technology treatment group. By using the untreated naturally
conceived infertile group as the reference, we were able to
partly control for underlying and common characteristics
among infertile couples. Although this method does not
account for the differences among infertile groups, such as
distribution of causes of infertility, we were nevertheless
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TABLE 2
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Risk ratios of preterm birth by treatment exposure group: all singleton births.

Preterm Crude

Exposure group (wk) n (%)*° RR (95% CI)
Untreated

<37 53 (8.5) 1.19 (0.91-1.55)

<35 15 (2.6) 1.04 (0.62-1.73)

<32 9(1.6) 1.52 (0.78-2.96)
Low technology

<37 42 (11.1) 1.54 (1.16-2.06)

<35 20 (5.6) 2.26 (1.46-3.50)

<32 12 (3.5) 3.36 (1.88-5.97)
High technology

<37 51(11.7) 1.62 (1.25-2.11)

<35 17 (4.2) 1.70 (1.06-2.73)

<32 9(2.3) 2.22 (1.14-4.31)

Model 1 Model 2 Model 3
Base covariates Base + BMI MI: Base + BMI
RR (95% CI) RR (95% CI) RR (95% CI)
1.12 (0.83-1.50) 1.18 (0.85-1.63) 1.10(0.84-1.43)
0.95 (0.52-1.72) 1.02 (0.54-1.95) 0.89 (0.54-1.48)
1.46 (0.64-3.35) 1.69 (0.71-4.01) 1.30 (0.66-2.56)
1.46 (1.05-2.04) 1.68 (1.18-2.40) 1.49 (1.12-2.00)
2.26 (1.35-3.77) 2.32 (1.32-4.10) 2.02 (1.30-3.13)
4.27 (2.23-8.17) 3.92 (1.83-8.39) 2.93 (1.63-5.26)

1.47 (1.08-2.00)
1.55 (0.89-2.70)
2.07 (0.89-4.82)

1.44 (0.98-2.12) 1.53(1.16-2.01)
1.87 (1.01-3.47) 1.40 (0.86-2.29)
2.08 (0.79-5.51) 1.77 (0.89-3.53)

Note: Model 1 includes age, parity, education, smoking, and alcohol/drug use. Model 2 includes all covariates in model 1 plus body mass index (BMI) (nonimputed, complete data). Model 3 uses
multiple imputation (MI) with Model 2 covariates (age, parity, smoking, alcohol/drug use, and imputed BMI and education). Cl = confidence interval; RR = risk ratio.
@ Reference category. Preterm birth proportions: <37 weeks: 1,201 (7.2%); <35 weeks: 395 (2.5%); <32 weeks: 161 (1.0%).

b Preterm birth comparisons: <37 vs. >37; <35 vs. >37; <32 vs. >37.

Messerlian. Low-technology treatment and preterm birth. Fertil Steril 2015.

able to control for the characteristics that were shared. In this
analysis, we observed a reduction in the relative risks at all
three preterm birth end points, suggesting that part of the
increased risk in babies born after infertility treatment may
be attributable to these underlying factors.

This finding is consistent with previous studies that
have used various approaches to control for underlying
infertility (27-29). We furthermore adjusted for duration
of infertility prior to treatment and observed a slight
reduction in associations, similar to the findings by Kallén
et al. (30). Despite some attenuation, our results remained
statistically significant, suggesting that pharmacologically
induced or stimulated cycles and/or insemination
procedures, irrespective of in vitro gamete manipulation,
are likely to independently increase the risk of preterm

TABLE 3

birth. Furthermore, the increased risk of preterm birth did
not appear to be driven by an economically underprivileged
subgroup, as estimates were relatively unaffected when we
examined only pregnancies to women with at least 12 years
of education. Finally, the risk may potentially be more
pronounced in the OS/IUI group rather than the OS-only
group, although our power was limited in these subanalyses.

Our findings from the high-technology treatment group
show similar trends to the low-technology group. Our results
are consistent with the recent observation made by Pinborg
et al. (14) and supported by findings in Kallén et al. (30),
Sazonova et al. (16), and Pandey et al. (13) that younger
ART cohorts have an overall lower risk compared with older
ART populations. This may be explained by the fact that fresh
and frozen cycles were not differentiated, with the latter

Risk ratios for preterm birth by treatment exposure group: first births only.

Preterm Crude

Exposure group (wk) n (%)*° RR (95% CI)
Untreated

<37 26 (8.0) 1.17 (0.80-1.70)

<35 12 (3.9) 1.63 (0.92-2.90)

<32 7(2.3) 2.45 (1.14-5.30)
Low technology

<37 25 (10.2) 1.49 (1.02

<35 13 (5.6) 2.36 (1.36

<32 8(3.5) 3.76 (1.83
High technology

<37 39 (11.9) 1.74 (1.28-2.36)

<35 15 (4.9) 2.09 (1.25-3.50)

<32 8(2.7) 2.90 (1.41-5.97)

Model 1 Model 3
Base covariates MI: Base + BMI
RR (95% CI) RR (95% CI)

1.02 (0.66-1.56)
1.66 (0.84-3.27)
2.89 (1.12-7.46)

1.04 (0.71-1.52)
1.46 (0.82-2.62)
2.19 (1.00-4.81)

2.18) 1.35(0.88-2.07) 1.38 (0.94-2.02)
4.08) 2.50(1.32-4.71) 2.10(1.21-3.66)
7.73) 4.62 (1.95-10.91) 3.35(1.62-6.93)

1.32 (0.91-1.92)
1.97 (1.04-3.75)
2.64 (0.98-7.10)

1.46 (1.06-2.01)
1.79 (1.04-3.08)
2.39(1.10-5.18)

Note: Model 1: includes age, education, smoking, alcohol/drug use; restricted to first births only. Model 3: multiple imputation model (M) includes all covariates in model 1, plus imputed body mass

index (BMI) and education; restricted to first births only. Cl = confidence interval; RR = risk ratio.

2 Reference category: Preterm birth proportions: <37 weeks: 531 (6.8%); <35 weeks: 175 (2.4%); <32 weeks: 68 (0.9%).

® Preterm birth comparisons: <37 vs. >37; <35 vs. >37; <32 vs. >37.

Messerlian. Low-technology treatment and preterm birth. Fertil Steril 2015.
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TABLE 4

Sensitivity analyses: risk of preterm birth in low technology assisted

reproduction.

Low-technology treatment
<35 wk

<37 wk <32 wk

Untreated infertile reference®

Crude 1.30(0.89-1.91) 2.18(1.13-4.20) 2.21(0.94-5.18)

Adjusted 1.32 (0.85-2.04) 2.16(1.00-4.67) 2.65 (0.96-7.30)
Adjusting for TTP®

Crude 1.46 (1.05-2.04) 2.26 (1.35-3.76) 4.27 (2.23-8.17)

Adjusted 1.42 (0.99-2.05) 2.16(1.21-3.84) 3.33(1.52-7.29)

Stratified by type of treatment

IUI only© 2.16(1.18-3.94) 3.04(1.18-7.84) 3.82(0.97-14.97)
OSand U 1.92(1.29-2.87) 3.12 (1.75-5.55) 4.94 (2.36-10.33)
OS alone®  1.00 (0.58-1.72) 1.25(0.52-2.98) 1.84 (0.60-5.69)

Restricted to higher education’
Crude 1.64(1.21-2.22) 2.30(1.46-3.67) 3.44 (1.88-6.28)
Adjusted 1.55(1.10-2.19) 2.30(1.33-3.97) 4.44 (2.25-8.74)

Note: IUl = intrauterine insemination; OS = ovarian stimulation; TTP = time to pregnancy.
2 Untreated infertile reference: crude model estimates the risk of preterm birth in low-
technology group compared to the untreated infertile group (used as the reference category)
with no additional covariates. Adjusted model included all base covariates.

® Adjusting for TTP as a binary variable at >24 months versus <24 months: crude model
estimates the risk of preterm birth in low-technology group adjusting for all base covariates.
Adjusted model includes all base covariates plus TTP.

€ Ul only: 58 pregnancies.

9 OS with IUI: 152 pregnancies.

€ 0S alone: 168 pregnancies.

f Restricting to > 12 years of education: crude model estimates the risk of preterm birth in
low-technology group restricted to >12 years of education. Adjusted model includes all
base covariates.

Messerlian. Low-technology treatment and preterm birth. Fertil Steril 2015.

generally having better outcomes. These recent trends may be
due to a multitude of other factors, including perhaps a less
severe and shorter duration of infertility before seeking treat-
ment, and improvements in ovarian stimulation protocols
and IVF techniques and procedures (14).

Overall, our findings from the untreated naturally
conceived group show more modest results; associations
were statistically significant only among primiparous births
at <32 weeks gestation. Our findings are somewhat consistent
with other published work in this area, albeit with a lower over-
all effect in this category than what is reported in recent meta-
analyses (14, 20). Our lower estimates may be explained by the
fact that we applied strict criteria to define the untreated
infertile group, thus potentially reducing the number of
treated women misclassified as untreated. Furthermore, a
rebound spontaneous pregnancy—a pregnancy conceived
immediately after a recent failed treatment cycle (31, 32)—
would have been classified under either low-technology or
high-technology treatment, depending on the last reported
cycle.

A degree of misclassification within the exposure groups
may have also influenced our results. We set an a priori index
period of 90 days based on the fact that it was unlikely that a
couple would have received treatment and conceived else-
where within a 90-day period of leaving the clinic. A recent
study on the clinical profile of an infertile population recruited
during the same time period as our study reported that 42% of
couples seeking treatment conceived spontaneously (33). The
former estimate of natural conception among couples seeking
treatment is comparable to our estimated 43%. Further evi-
dence supporting our classification of treatment is provided

by the fact that the frequency of twin pregnancies within
each treatment category was consistent with what is reported
in the literature. The twin rate was 1.1% in the untreated
group, similar to that of the reference group and consistent
with absence of treatment. Among the low- and high-
technology treatment groups, twin rates were 9.6% and
329, respectively, with comparable estimates reported else-
where (18, 34-37). Although this was a hospital-based cohort
from a tertiary care center, the preterm birth rate after applying
exclusions was similar to that of the overall Montreal
population (38).

Only few studies have examined the effect of low-
technology assisted reproduction on the risk of preterm birth,
with some heterogeneity in the methods and sources of data:
two studies relied exclusively on countrywide registry-based
data (27, 39); three studies used a combination of hospital-
based data linked with various national databases (22, 35,
40); and one study used prospectively recruited primary data
linked with outcome data from a national registry (41).
Despite the differences in methods, our results are in general
agreement: low-technology treatment is associated with an
increased risk of preterm birth (22, 27, 35, 39, 40). Among
the studies that additionally examined high-technology treat-
ment, the conclusions were generally consistent with ours.
Although our effect estimates on low-technology treatment
are overall higher, the study by Ombelet et al. (35), using
hospital-based registry data from 80 different obstetrics
departments in Belgium, shares strong consistency with our
results (<32 weeks: OR 3.26, 95% CI, 2.32-4.59). Only the
results of the Wisborg et al. (41) study differ substantially
from ours, despite examining all infertile exposure groups
compared with a noninfertile reference.

Although low-technology treatment involves no manip-
ulation of embryos, the use of pharmacologic agents to
stimulate the production of oocytes is associated with poorer
quality embryos (12, 37). Both in vivo and in vitro animal
studies point to detrimental effects of exogenous hormones
to the quality and viability of the developing embryo,
which can result in chromosomal abnormalities (21) as well
as changes to implantation (42) and placentation (37).
Furthermore, hyperproliferated cycles have been reported to
cause oxidative stress, which impacts both oocyte
development and endometrial conditions (37). Meanwhile,
other studies report that the treatment of sperm for IUI
procedures also leads to oxidative stress, with potential
chromosomal damage or changes to the quality of the
sperm (43-47). Until recently, the latter procedure was
assumed to be innocuous to the health of the embryo and
neonate.

CONCLUSION

In this study, low-technology assisted reproduction was
associated with a higher risk of preterm birth compared
with untreated women with no reported infertility giving
birth at the same hospital. This effect persisted after adjust-
ment for confounders as well as for the shared characteristics
among infertile couples, suggesting that part of the risk is
likely attributable to treatment itself.
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SUPPLEMENTAL FIGURE 1

Infants born between April 1 2001 — September 30" 2007
N= 25,198

Study Base /\ 589":hg(;blé Eecords
N=4395: Non-H postcode n=589: Readmissions

N=253: High-risk referral n=364: Postnatal Readmission
n=2: Missing MRNs

Eligible Infants

N=19,595
Neonatal Exclusion Factors

n=69 triplets

n=466 twins (1 twin per pair)
n=2 twins +14 singletons: born
alive <140 days and died within
1 day

Eligible Pregnancies
N=19,044 Maternal Exclusion Factors
n=289: 20 years

n=64: 245 years
n=1: HIV +
n=26: Lupus
Twin gestation / n=29: Rh Arthritis
n=451 n=36: Multiple Sclerosis
n=1: Breast Cancer

Final Singleton Births
N=18,147

Infertile Reference
n=1,435 n=16,712

Participant flow chart.
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SUPPLEMENTAL FIGURE 2

Number of clinic records
matching MOND

N=1705
First Births
Initial Matching Criteria: 3 apt at clinic
within 36 months of first MOND birth
n=1382
Requested Records:

1.  100% of all matched with unspecified
cause as recorded in MOND

2. 80% per year of matched with no
known infertility in MOND

3. 20% of matched with other MOND
causes

Records Requested: n=908

Not-requested: n=474

Not abstracted:

Found and abstracted: n=839 .
Chart not found in storage

- Admini ive errors in patient
identification (e.g. incorrect patient

data in chart)

Not abstracted: n=70

839 abstracted medical charts
accounted for 1050
pregnancies

Identifying reproductive clinic patients in the maternal and neonatal
database (MOND). Process of selecting medical charts to abstract.
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