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drugs, intrauterine insemination (IUl), and assisted
reproductive technology (ART) with autologous or donor
oocytes.

METHODS: Birth certificates were used to study maternal
morbidity among the birthing population in Utah between
2009 and 2017 (N=469,919 deliveries); 22,543 pregnancies
occurred through medically assisted reproduction (4.8%).
Maternal morbidity was identified as a binary variable, indi-
cating the presence of any of the following: blood trans-
fusion, unplanned operating room procedure, admission to
intensive care unit, eclampsia, unplanned hysterectomy,
and ruptured uterus. Using logistic regression, we assessed
maternal morbidity among medically assisted reproduction
pregnancies (overall and by type of treatment) compared
with unassisted pregnancies in the overall sample before
and after adjustment for individual sociodemographics
(age at birth, family structure, level of education, Hispanic
origin, parity), and pre-existing comorbidities (ie, chronic
hypertension, heart disease, asthma), multifetal gestation,
and obstetric comorbidities (ie, placenta previa, placental
abruption, cesarean delivery).

RESULTS: Individuals becoming pregnant through med-
ically assisted reproduction had higher risk of maternal
morbidity, with odds ratios (ORs) increasing as medically
assisted reproduction treatments become more invasive.
Associations were largely attenuated when accounting
for multifetal gestation and further reduced after con-
trolling for obstetric comorbidities. However, ART with
autologous oocytes (OR 1.46, 95% Cl, 1.20-1.78) main-
tained higher coefficients compared with unassisted
pregnancies. In models including only singletons, after
controlling for obstetric comorbidities, the OR differen-
ces in maternal morbidity between all medically assisted
reproduction groups and unassisted pregnancies were
no longer statistically significant.

CONCLUSION: More invasive medically assisted repro-
duction treatments (ART and IUIl) are associated with
higher odds of maternal morbidity, whereas less invasive
treatments are not. This relationship is partially explained
by higher prevalence of multifetal gestation and obstetric
comorbidities in people undergoing more invasive treat-
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ment, but the persistent association suggests subfertility
itself may contribute to maternal morbidity.

(Obstet Gynecol 2025;145:220-30)

DOI: 10.71097/AOG.0000000000005808

he increasing use of medically assisted reproduction

(ie, in vitro fertilization, intracytoplasmic sperm
injection [ICSI], ovulation induction) requires better
understanding of its effects on maternal and child health.
Although research has focused on pediatric outcomes,!*
less attention has been given to maternal morbidity.
Studies show mixed findings, with some reporting
increased risks among individuals conceiving through
medically assisted reproduction®® and others reporting
elevated risk only in specific high-risk subgroups such
individuals with multifetal gestation or pre-existing
health conditions.~!2 The complex, interconnected fac-
tors underlying these associations, which include subfer-
tility and pre-existing comorbidities, sociodemographic
characteristics and obstetric complications,'®-17 make it
difficult to assess whether medically assisted reproduc-
tion treatment itself increases maternal morbidity risk.
The choice of medically assisted reproduction proce-
dures depends on factors such as infertility duration,
diagnosis, availability, and cost,'®!¥ typically progress-
ing from less to more invasive treatments. Limited large-
scale data have restricted studies investigating maternal
morbidity differences by medically assisted reproduc-
tion treatment types. Existing studies show higher
maternal morbidity risks for more invasive treatments
(in vitro fertilization or ICSI) compared with becoming
pregnant unassisted, with mixed findings for less inva-
sive treatment.?~12

The primary objective of this study was to
compare odds of maternal morbidity by mode of
becoming pregnant with a specific emphasis on the
type of medically assisted reproduction treatment
used: fertility-enhancing drugs, intrauterine insemina-
tion (IUI), assisted reproductive technology (ART)
with autologous or donor oocytes. We used high-
quality data from Utah (2009-2017), a state with high
proportion of medically assisted reproduction births
(approximately 5%*2%) and compared maternal mor-
bidity odds before and after adjustment for a wide
range of characteristics, which might confound the
association between maternal morbidity and medi-
cally assisted reproduction, such as pre-existing co-
morbidities, and for multifetal gestation and
obstetric comorbidities, which might act as mediators.

METHODS

We used data from the Utah Population Database,?!
which contains information from all Utah birth certif-
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icates. The STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines
for cross-sectional studies were followed. Since 2009,
Utah birth certificates contain data on infertility treat-
ments used to become pregnant—fertility-enhancing
drugs, IUI, and ART with autologous and donated
oocytes (including donor embryos). We considered
individuals reporting other treatments such as proges-
terone, metformin, and surgery for endometriosis as
becoming pregnant unassisted (n=1,982), unless they
also disclosed using one of the medically assisted
reproduction procedures (n=>5,134). At the time this
study started, the Utah Population Database had
received the birth certificate data up to 2017, marking
the end of our study period. This study was approved
by the institutional review boards of the University of
Utah and by the Utah Resource for Genetic and Epi-
demiologic Research, an administrative board over-
seeing access to the Utah Population Database.

The birth certificate data contains records for
469,919 deliveries registered in Utah. We excluded
deliveries with missing birth order (n=247) and chil-
dren born to gestational carriers (n=242). We also
excluded quadruplet and quintuplet births (n=37).
Further information on exclusions and missing data
can be found in Figure 1. For twins and triplets, we
considered one observation per delivery and con-
trolled for multifetal gestation status. The final sample
comprised 460,976 deliveries, of which 19,448 (4.2%)
were medically assisted reproduction pregnancies.

To identify maternal morbidity, we used all avail-
able information registered on the birth certificate under
maternal morbidities: blood transfusion, unplanned
operating room procedure, admission to intensive care
unit, eclampsia, unplanned hysterectomy, and ruptured
uterus. Though included under the maternal morbidities
heading on the birth record, we did not include third- or
fourth-degree perineal lacerations in our definition of
maternal morbidity, because these are not included in
other currently accepted and validated definitions.?>%
Maternal morbidity was coded as a binary variable,
indicating the presence of any of the above events. This
approach was chosen due to the low prevalence of indi-
vidual maternal morbidity conditions when stratified by
mode of becoming pregnant and medically assisted
reproduction treatment type (as presented in Table 1,
per 10,000 births), which could have compromised sta-
tistical precision if analyzed separately. Given the con-
cerns on the accuracy of blood transfusion reporting and
thresholds for consideration of severity of transfusion
(number of units),?>?* we present analyses on the mater-
nal morbidity composite score, including and excluding
blood transfusion.

Maternal Morbidity and Medically Assisted Reproduction 221
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Birth certificates available
for all deliveries in Utah,

2009-2017
(n=469,919) Excluded (n=753)
Missing data on birth
order: 247
Deliveries by gestational
carriers: 242
Individuals with missing
year of birth: 4
"l Individuals <15 years of
age at birth: 188
Missing data on
gestational age: 35
Multiple gestation:
quadruplets and
A quintuplets: 37
Complete outcome data for
all deliveries
(n=469,166)
Excluded: more than one
,[record per delivery for births
of twins and triplets
A (n=8,190)
Deliveries
(n=460,976)
|
A4 h 4

Deliveries after unassisted
pregnancy attempt
(n=441,528)

Deliveries after medically
assisted pregnancy
attempt (n=19,448)

Fertility-enhancing
medications: 11,743

1UI: 2,798

ART with autologous
oocytes: 4,581

ART with donor oocytes
(or embryo): 326

We considered three sets of control variables (all
coded as categorical variables). The first set of factors
consisted of individual sociodemographic character-
istics: age at birth (15-24 years, 25-29, 30-34, 35-39,
40-44, 45 or older), marital status, level of education
(less than university degree, university degree or
more) and parity (first or higher-order birth). We
did not include race due to the very low proportion
of Black, Asian, Pacific Islander, and Native American
individuals who became pregnant through medically
assisted reproduction in Utah (ie, fewer than 10 indi-
viduals for some race groups by treatment type), but
we did include Hispanic origin. Collectively, these
characteristics could confound the association
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Fig. 1. Study sample flow diagram.
IUI, intrauterine insemination; ART,
assisted reproductive technology.

Pelikh. Maternal Morbidity and Medically
Assisted Reproduction. Obstet Gynecol
2025.

between maternal morbidity and medically assisted
reproduction.?526

The next set of factors was related to health
conditions and pre-existing comorbidities that could
be associated with maternal morbidity and with experi-
encing subfertility.!4~17 We incorporated data on asthma
severity (severe and mild), chronic renal disease, chronic
hypertension, heart disease severity (severe and mild),
type 1 diabetes, and major mental health disorders (anx-
iety, depression, bipolar). We could not use the data on
substance use, schizophrenia, rheumatic disease (rheu-
matoid arthritis, lupus, Sjogren’s syndrome), and type 2
diabetes available on the birth certificate due to the very
low prevalence of these conditions among individuals

OBSTETRICS & GYNECOLOGY
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Table 1. Rates of Maternal Morbidity Per 10,000 Births Among People Giving Birth in Utah, 2009-2017, by

Mode of Becoming Pregnant and Type of Medically Assisted Reproduction Treatment*

Maternal ART With ART With
Morbidity up MAR FED 1U1 Autologous Donor Oocytes Total
Indicator (n=451,528) (n=19,448) (n=11,743) (n=2,798) Oocytes (n=4,581) (n=326) (n=460,976)
Blood transfusion 67 127 76 118 240 460 69
Unplanned 18 26 15 — 44 — 18
operating room
procedure
Admission to ICU 12 21 14 —F 37 - 12
Eclampsia 11 12 9 — — — 11
Unplanned 5 9 — — — —t 5
hysterectomy
Ruptured uterus 3 —t — —t — —t 3
Any of the above 95 167 104 172 299 521 99

UP, unassisted pregnancy; MAR, medically assisted reproduction; FED, fertility-enhancing drugs; 1UI, intrauterine insemination; ART,

assisted reproductive technology; ICU, intensive care unit.

* Medically assisted reproduction refers to all births in which fertilization occurred through any of the following procedures: 1Ul, ART with

autologous or donor eggs, or FED.

¥ Values less than 10 people per cell were suppressed due to the data provider’s restrictions.

becoming pregnant through medically assisted repro-
duction. We included prepregnancy body mass index
(BMI, calculated as weight in kilograms divided by
height in meters squared; underweight [lower than
18.5], healthy weight [18.5-24.9], overweight [25.0-
29.9], obesity [30-34.9, 35-39.9, 40 or higher]|) given
the demonstrated effects on both pregnancy complica-
tions and subsequent health, particularly among individ-
uals undergoing medically assisted reproduction.?” We
also accounted for smoking before pregnancy because it
is a risk factor for adverse pregnancy outcomes.?® Addi-
tionally, we accounted for a history of prior caesarean
deliveries, because it can influence subsequent mode of
delivery and risk of maternal morbidity.! We also ac-
counted for multifetal gestation, which is a common risk
factor for maternal morbidity.?

The last group of factors was linked to obstetric
comorbidities that could be mediators (ie, conditions
that develop in a pregnancy as a result of becoming
pregnant through medically assisted reproduction)
or confounders (ie, proxies for underlying health
conditions before medically assisted reproduction
leg, subfertility]).!3-1%17 Birth certificates contain
information on the following conditions: placenta
previa, placental abruption, preterm delivery,
HELLP (hemolysis, elevated liver enzymes, and
low platelet count) syndrome, pregnancy-induced
hypertension, gestational diabetes, pyelonephritis,
clinical chorioamnionitis, and delivery mode (cesar-
ean delivery). Data on pyelonephritis were not
included due to the very low prevalence among in-
dividuals conceiving through medically assisted
reproduction. Information on hemorrhage was not
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included in the analysis because this condition is
closely linked to blood transfusion.!3-1517

We estimated four multivariable logistic regres-
sion models for maternal morbidity. Model 1 (the
baseline model) presents the unadjusted association
between medically assisted reproduction and mater-
nal morbidity. Model 2 introduces controls for socio-
demographics, birth order, and pre-existing
comorbidities. Model 3 adds multifetal gestation.
Model 4 adds controls for obstetric comorbidities.
Each model specification was estimated for all medi-
cally assisted reproduction treatments, grouped
together and by treatment type, in comparison with
becoming pregnant unassisted using the composite
maternal morbidity score including and excluding
blood transfusion as an outcome. We used clustered
standard errors to account for multiple observations
per woman (63.3% had one child only in the period
2009-2017). We first compared the prevalence of
maternal morbidity among individuals who became
pregnant through medically assisted reproduction
and those who became pregnant unassisted using the
whole sample. We then restricted the analysis to sin-
gletons only to examine the associations between
maternal morbidity and medically assisted reproduc-
tion while removing the effects of multifetal gestation.
Additionally, we estimated models that included an
interaction between mode of becoming pregnant
and pre-existing health conditions to explore whether
they moderate the association between medically as-
sisted reproduction and maternal morbidity. All anal-
yses were conducted using STATA 18. P<.05 was
used to denote statistically significant point estimates.

Maternal Morbidity and Medically Assisted Reproduction 223
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RESULTS

Individuals who became pregnant through fertility-
enhancing drugs were the largest medically assisted
reproduction group (n=11,743; 60.4%, Fig. 1), fol-
lowed by ART with autologous oocytes—23.5%
(n=4,581), TUI-14.4% (n=2,798), and ART with
donor oocytes—1.7% (n=326). Table 1 shows rates
of all maternal morbidity per 10,000 births, by mode
of becoming pregnant and treatments type (absolute
numbers in Appendix 1, available online at http://
links.lww.com/AOG/D939). Conditions are not
mutually exclusive, so the total births with at least
one condition is less than the sum of individual con-
ditions. Blood transfusion was the most common
maternal morbidity condition (69/10,000 births), fol-
lowed by unplanned operating room procedure and
admission to intensive care unit (18/10,000 births and
12/10,000 births, respectively). Maternal morbidity
composite rates were higher among individuals who
became pregnant through medically assisted repro-
duction, compared with unassisted reproduction
(167/10,000 births vs 95/10,000 births, respectively).
Within the medically assisted reproduction group,
maternal morbidity rates varied by treatment inva-
siveness and were highest in the ART group (espe-
cially with donor oocytes—521/10,000 births vs 299
in autologous oocytes/10,000 births) and lowest in
the fertility-enhancing drug group (104/10,000 births).

The sociodemographic and health characteristics
of individuals who became pregnant through medi-
cally assisted reproduction differed from those who
became pregnant without medically assisted repro-
duction (Table 2). Individuals becoming pregnant
through medically assisted reproduction were, on
average, two and a half years older at birth, more
likely to have a degree, be married, and less likely
to be of Hispanic origin. Their children were more
likely to be first-borns and multifetal gestations (twins
and triplets). Individuals conceiving through medi-
cally assisted reproduction also had higher rates of
chronic hypertension and obesity but were less likely
to smoke before pregnancy. The prevalence of other
pre-existing comorbidities was similar among individ-
uals who became pregnant through medically assisted
reproduction and those who became pregnant unas-
sisted (with some exceptions, eg, higher rates of
asthma and major mental health disorders among in-
dividuals conceiving through ART with donor oo-
cytes). Individuals who became pregnant through
medically assisted reproduction had a higher preva-
lence of obstetric comorbidities regardless of treat-
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ment type compared with individuals who became
pregnant unassisted.

Table 3 shows medically assisted reproduction
coefficients for maternal morbidity composite includ-
ing and excluding blood transfusion (Panels A and B,
respectively) from an unadjusted model (model 1),
after adjusting for sociodemographic characteristics
and pre-existing comorbidities (model 2), multifetal
gestation (model 3) and obstetric comorbidities
(model 4). Control variables coefficients for models
2-4 are in Appendices 2, 3 (singleton births), and 4
(all births), available online at http://links.lww.com/
AOG/D939. In model 1, medically assisted reproduc-
tion was associated with higher odds of maternal mor-
bidity, with odds ratios (ORs) being the highest
among more invasive treatments (ART and IUI) and
no differences between fertility-enhancing drugs and
unassisted pregnancies. After adjusting for sociode-
mographics and comorbidities (model 2), the medi-
cally assisted reproduction—maternal morbidity
association remained significant (OR 1.63, 95% CI,
1.45-1.84 including blood transfusion, and OR 1.29,
95% CI, 1.06-1.56 excluding blood transfusion). Age
and parity were significant predictors of maternal
morbidity in model 2 and in subsequent models. Ad-
justing for multifetal gestation (model 3) further
reduced the OR, in particular among people who
became pregnant through ART who have the highest
prevalence of these pregnancies. In the models includ-
ing blood transfusion, the odds remained higher and
statistically significant for all medically assisted repro-
duction types compared with unassisted pregnancies,
except for fertility-enhancing drugs. In the models
that excluded blood transfusion, the OR remained
significant only for ART pregnancies with autologous
oocytes. Finally, adjusting for obstetric comorbidities
(model 4) further attenuated the odds for all medically
assisted reproduction types, but the OR remained sig-
nificantly higher for ART with autologous oocytes
(OR 1.46, 95% CI, 1.20-1.78) compared with unas-
sisted pregnancies when blood transfusion was part of
the score. However, as evident from Appendix 1
(http://links.lww.com/AOG/D939), the analyses
excluding blood transfusion are likely to be under-
powered, in particular when disaggregated by type
of treatments. We are therefore cautious in our inter-
pretation of the differences between the models.

In models including only singletons, the OR of
maternal morbidity among all individuals who
became pregnant through medically assisted repro-
duction (OR 1.28, 95% CI, 1.11-1.48) and by each
treatment type was significantly higher compared with
individuals who became pregnant unassisted (expect

OBSTETRICS & GYNECOLOGY
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Table 2. Individual and Pregnancy Characteristics and Obstetric Comorbidities Among People Giving Birth
in Utah, 2009-2017, by Mode of Becoming Pregnant and Type of Medically Assisted Reproduction

Treatment*
ART With  ART With
Autologous  Donor
up MAR FED 1UI Oocytes  Oocytes Total
Characteristic (n=451,528) (n=19,448) (n=11,743) (n=2,798) (n=4,581) (n=326) (n=460,976)
Pre-existing comorbidities
Chronic renal disease 0.9 1.1 1.1 1.2 1.0 — 0.9
Heart disease 0.6 1.0 1.0 1.0 0.9 —t 0.7
Chronic hypertension 1.0 2.0 2.0 1.9 1.9 43 1.1
Asthma 4.4 4.8 4.7 5.2 4.7 7.4 4.4
Type 1 diabetes 0.6 0.7 0.8 0.8 0.6 NA 0.6
Prepregnancy BMI (kg/m?)
Underweight (lower 4.5 3.5 3.4 3.5 3.6 ¥ 4.4
than 18.5)
Healthy weight (18.5— 51.9 48.5 44.7 51.1 57.0 47.2 51.8
24.9)
Overweight (25-29.9) 22.8 22.9 23.1 22.7 22.3 27.6 22.8
Obesity class | (30— 10.9 12.5 14.0 10.9 9.6 12.9 10.9
34.9)
Obesity class Il or Il 7.9 11.8 14.0 11.4 6.8 7.7 8.1
(35 or higher)
Unknown 2.1 0.7 0.8 0.5 0.8 —* 2.0
Anxiety, depression, or 9.3 9.9 9.7 10.7 10.0 15.0 9.4
bipolar disorder
Previous cesarean birth 10.4 10.1 10.8 8.7 9.3 9.2 10.3
Smoking before 5.2 1.2 1.5 0.9 0.7 NA 5.1
pregnancy
Sociodemographics
Age at delivery (y) 28.4%5.3 30.7%x4.9 29.4*x4.4 31.7%4.7 32.8£4.7 40.4x6.5 28.5*5.3
15-24 27.8 11.1 15.6 6.4 3.1 1.2 27.1
25-29 34.2 36.7 42.2 32.5 27.5 6.4 34.3
30-34 259 329 30.4 36.7 38.2 12.6 26.2
35-39 10.3 15.1 10.3 20.0 23.7 24.2 10.5
40-44 1.8 3.5 1.4 4.0 6.6 28.8 1.9
45 or older 0.1 0.8 0.0 0.4 1.0 26.7 0.1
Married at delivery 79.3 96.61 97.1 93.5 97.8 91.4 80.1
Level of education
University degree or more 29.4 46.4 40.4 51.6 57.3 63.8 30.1
Unknown 2.4 0.8 0.5 1.0 1.2 4.0 2.4
Hispanic origin 24.5 13.5 14.8 12.5 10.9 14.4 24.0
Unknown 0.1 0.2 0.1 - - —F 0.1
1st birth 31.7 49.1 44.2 56.9 55.6 61.4 32.5
Multifetal gestation 1.2 13.7 7.3 11.9 30.4 27.6 1.7
Obstetric comorbidities
Placenta previa 0.4 1.1 0.7 1.3 1.9 —t 0.5
HELLP syndrome 0.2 0.4 0.3 0.5 0.6 — 0.2
Placental abruption 1.1 1.8 1.6 1.7 2.3 —t 1.2
Preterm delivery 8.1 17.7 13.0 17.1 28.8 37.1 8.5
Pregnancy-induced 52 9.1 8.0 9.5 10.9 20.9 5.3
hypertension
Gestational diabetes 4.5 7.6 7.3 8.0 7.9 13.5 4.6
Clinical chorioamnionitis 3.1 3.7 3.5 43 3.7 6.1 3.2
Cesarean birth 21.4 34.5 29.6 33.1 45.5 66.6 22.0

UP, unassisted pregnancy; MAR, medically assisted reproduction; FED, fertility-enhancing drugs; 1UI, intrauterine insemination; ART,
assisted reproductive technology; BMI, body mass index; HELLP, hemolysis, elevated liver enzymes, and low platelet count.

Data are % or mean=SD.

* Medically assisted reproduction refers to all births in which fertilization occurred through any of the following procedures: 1Ul, ART with
autologous or donor eggs, or FED.

¥ Values of less than 10 people per cell were suppressed due to the data provider’s restrictions.
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Table 3. Maternal Morbidity Among People Giving Birth in Utah, 2009-2017: Medically Assisted
Reproduction Compared With Unassisted Pregnancies*

Model 2 (Pre-Existing

Comorbidities and
Sociodemographic

Model 3 (Model 2 Model 4 (Model 3
and Multifetal and Obstetric

Characteristics)

Gestation)

Comorbidities)

Model 1
(Baseline)
Composite MAR score including
blood transfusion
All births
MAR (ref, UP) 1.76 (1.57-1.98)
Type of MAR (ref, UP)
FED 1.09 (0.91-1.30)
1UI 1.85 (1.39-2.46)
ART with autologous 3.20 (2.69-3.81)
oocytes

ART with donor oocytes
Singleton births

5.71 (3.50-9.31)

MAR (ref, UP) 1.28 (1.11-1.48)
Type of MAR (ref, UP)
FED 0.97 (0.79-1.18)
1UI 1.57 (1.13-2.19)
ART with autologous 1.87 (1.42-2.46)
oocytes
ART with donor oocytes  4.71 (2.50-2.87)
Composite MAR score excluding
blood transfusion
All births
MAR (reference - UP) 1.44 (1.19-1.74)
Type of MAR (reference—
UP)
FED 0.89 (0.66-1.21)
1UI 1.92 (1.26-2.93)
ART with autologous 2.40 (1.79-3.23)
oocytes
ART with donor oocytes  3.77 (1.56-9.12)

1.63 (1.45-1.84) 1.26 (1.12-1.43) 1.11 (0.98-1.26)
1.07 (0.89-1.28) 0.95 (0.79-1.14) 0.87 (0.73-1.05)
1.65 (1.24-2.19) 1.35 (1.02-1.81) 1.16 (0.86-1.56)
2.83 (2.36-3.39) 1.77 (1.46-2.15) 1.46 (1.20-1.78)

3.64 (2.07-6.39)

2.34 (1.30-4.21)

1.69 (0.90-3.18)

1.19 (1.03-1.38) 1.03 (0.89-1.20)
0.94 (0.77-1.16) .88 (0.71-1.07)
1.40 (1.00-1.95) 1.21 (0.86-1.70)
1.64 (1.24-2.17) 1.24 (0.93-1.66)
2.88 (1.46-5.71) 1.54 (0.68-3.47)
1.29 (1.06-1.56) 1.12 (0.92-1.36) 0.96 (0.79-1.17)
0.86 (0.63-1.16) 0.81 (0.59-1.09) 0.74 (0.55-1.01)
1.61 (1.06-2.47) 1.46 (0.95-2.23) 1.21 (0.78-1.87)
2.02 (1.49-2.74) 1.55 (1.13-2.12) 1.24 (0.90-1.69)
1.95 (0.71-5.32) 1.50 (0.54-4.18) 0.95 (0.31-2.85)

MAR, medically assisted reproduction; ref, reference; FED, fertility-enhancing drugs; 1Ul, intrauterine insemination; ART, assisted repro-

ductive technology; UP, unassisted pregnancy.
Data are odds ratio (95% ClI).
Bold indicates significant values at P<.05.

* Medically assisted reproduction refers to all births in which fertilization occurred through any of the following procedures: 1Ul, ART with

autologous or donor eggs, or FED.

fertility-enhancing drugs), but the but the magnitude
of the coefficients was, on average, lower compared
with the coefficients in all-births model (Table 3)
(Appendix 3, http://links.lww.com/AOG/D939).
Similar to the full-sample results, associations varied
by treatment type, with more invasive treatments
linked to higher maternal morbidity risk. Adjustment
for pre-existing health conditions and sociodemo-
graphic characteristics attenuated the coefficients, yet
the OR of maternal morbidity remained significantly
higher among all types of medically assisted reproduc-
tion (expect fertility-enhancing drugs). After control-
ling for obstetric comorbidities, the association
between medically assisted reproduction and mater-
nal morbidity was largely attenuated; the OR differ-
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ences in maternal morbidity between all medically
assisted reproduction groups and the unassisted preg-
nancy group were no longer statistically significant.
To investigate the moderating role of pre-existing
comorbidities in the medically assisted reproduction-
maternal morbidity association, we included an inter-
action term between mode of becoming pregnant and
pre-existing health conditions (Table 4) (Appendix 5,
http://links.lww.com/AOG/D939). Due to the lower
prevalence of maternal morbidity by type of medi-
cally assisted reproduction treatment in the sub-
groups, we focused on fertility-enhancing drugs and
ART pregnancies with autologous oocytes. In model
1 (unadjusted), ORs of maternal morbidity were high-
er among individuals with pre-existing comorbidities
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Table 4. Maternal Morbidity Among People Giving Birth in Utah, 2009-2017, by Mode of Becoming

Pregnant and Pre-Existing Comorbidities*

Model 1 (Interaction Between
Mode of Conception and Pre-
Existing Comorbidities)

Model 2 (Model 1 and Model 3 (Model Model 4 (Model 3
Sociodemographic

2 and Multifetal
Gestation)

and Obstetric

Characteristics) Comorbidities)

All births
UP, no pre-existing 1
comorbidities
(ref)

UP with pre-existing
comorbidities
MAR, no pre-existing
comorbidities’

MAR with pre-
existing
comorbidities

By type of MAR
treatment

UP, no pre-existing 1
comorbidities
(ref)

UP with pre-existing
comorbidities
FED, no pre-existing
comorbidities
FED with pre-existing
comorbidities
ART with autologous
oocytes, no pre-

existing
comorbidities

ART with autologous
oocytes with pre-
existing
comorbidities

1.28 (1.21-1.37)
1.92 (1.66-2.21)

1.95 (1.62-2.34)

1.28 (1.21-1.37)
1.17 (0.92-1.48)
1.23 (0.92-1.63)

3.52 (2.86-4.33)

3.44 (2.51-4.72)

1.25 (1.17-1.33) 1.24 (1.16-1.32) 1.06 (1.00-1.14)

1.80 (1.56-2.08) 1.38 (1.19-1.61) 1.17 (1.01-1.37)

1.78 (1.48-2.14) 1.40 (1.16-1.70) 1.08 (0.88-1.30)

1.25 (1.17-1.33) 1.24 (1.16-1.32) 1.06 (1.00-1.14)

1.18 (0.93-1.49) 1.04 (0.82-1.32) 0.93 (0.73-1.18)

1.20 (0.90-1.59) 1.07 (0.80-1.42) 0.84 (0.63-1.12)

3.13 (2.53-3.88) 1.96 (1.57-2.45) 1.53 (1.22-1.92)

2.93 (2.13-4.03) 1.78 (1.27-2.49) 1.36 (0.97-1.91)

UP, unassisted pregnancy; ref, reference; MAR, medically assisted reproduction; FED, fertility-enhancing drugs; ART, assisted reproductive

technology.
Data are odds ratio (95% ClI).
Bold indicates significant values at P<.05.

* Pre-existing comorbidities defined as having at least one of the following conditions: asthma, chronic renal disease, chronic hypertension,
heart disease, type 1 diabetes, major mental health disorder (anxiety, depression, bipolar), smoking, or obesity.
 Medically assisted reproduction refers to all births in which fertilization occurred through any of the following procedures: [UI, ART with

autologous or donor eggs, or FED.

than those without comorbidities, regardless of the
mode of becoming pregnant. However, individuals
becoming pregnant through medically assisted repro-
duction without comorbidities had a higher OR of
maternal morbidity than those who became pregnant
without medically assisted reproduction with comor-
bidities. A similar pattern was observed for ART preg-
nancies. Adjustment for covariates in models 2-4
attenuated but did not eliminate these differences—
individuals without comorbidities who became preg-
nant through ART with autologous oocytes had sig-
nificantly higher ORs of maternal morbidity, whereas
no differences in OR were found among individuals
conceiving through fertility-enhancing drugs.

VOL. 145, NO. 2, FEBRUARY 2025 Pelikh et al

DISCUSSION

This study examines the association between various
medically assisted reproduction treatments and mater-
nal morbidity in Utah, using birth certificate data.
Results reveal that multifetal gestations significantly
raise maternal morbidity risk among individuals who
become pregnant through medically assisted repro-
duction, aligning with existing research.? Notably,
maternal morbidity risk for singleton births remains
lower, underscoring the contribution of multifetal
pregnancies to maternal morbidity in medically assis-
ted reproduction cases. Sociodemographic factors
such as age and parity also play a role; many medi-
cally assisted reproduction children are first-born, and
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nulliparity is a known maternal morbidity risk. Age-
related differences in medically assisted reproduction
outcomes were especially pronounced in ART preg-
nancies involving donor oocytes, with older average
maternal age (40.4 years) compared with non-ART
births (mean age 28.4 years and 30.7 years among
individuals with unassisted pregnancy and medically
assisted reproduction-all, respectively).

Prior studies!4~!7 suggest that the higher rates of
pre-existing comorbidities among individuals who
became pregnant through medically assisted repro-
duction might also play a role. The results showed
that, although pre-existing comorbidities moderated
the association between maternal morbidity and med-
ically assisted reproduction, medically assisted repro-
duction pregnancies remained at higher risk of
maternal morbidity even if they did not have pre-
existing comorbidities, which suggests they only play
a partial role in explaining the association. Another
potential mechanism linking medically assisted repro-
duction and maternal morbidity is the increased rate
of obstetric complications, such as placenta previa,
that occur in medically assisted reproduction pregnan-
cies. Accounting for these, the medically assisted
reproduction-maternal morbidity relationship re-
mained significant among ART conceptions with
autologous oocytes. However, it is unclear whether
obstetric comorbidities are caused by the treatments,
as the higher prevalence of obstetric risk factors
among ART conceptions could be driven by subfer-
tility and not by the treatments.

The study’s strengths include using Utah’s high-
quality, population-wide vital records, which enable
a large sample size for medically assisted reproduction
pregnancies. Although underreporting of ART use on
birth certificates is a known issue,?° data quality in
Utah is comparatively reliable,! minimizing this con-
cern. This study also distinguishes specific medically
assisted reproduction treatments in relation to mater-
nal morbidity and accounts for a wide range of factors
such as sociodemographics, maternal comorbidities,
and pregnancy characteristics. Comparison with med-
ical records shows high reporting quality for relevant
perinatal outcomes, enhancing the study’s validity.32~
34

However, limitations remain. The birth certifi-
cates used lack certain recommended health indica-
tors (eg, preeclampsia), and low reporting rates for
some comorbidities may affect multivariable model
accuracy. Additionally, the data do not differentiate
specific ART protocols or monozygotic from dizy-
gotic multifetal gestations, which are important given
their distinct maternal morbidity risks.}#-153536 The
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absence of comprehensive histories for fertility treat-
ments or detailed subfertility factors (eg, infertility
duration or underlying causes) limit exploration of
subfertility’s role in maternal morbidity outcomes.

This study adds to existing knowledge by show-
ing a dose-response relationship where maternal mor-
bidity risk rises with treatment invasiveness,
consistent with past findings of higher maternal mor-
bidity in ART pregnancies.®~!? Notably, unlike pre-
vious studies, this research differentiates fertility-
enhancing drugs from IUI and shows similar maternal
morbidity odds between fertility-enhancing drugs and
unassisted pregnancies. Assisted reproductive technol-
ogy with donor oocytes had the highest maternal mor-
bidity odds, likely linked to older maternal age,
multifetal gestation, and treatment invasiveness.

This study also contributes to the discussion on
the role of subfertility and medically assisted repro-
duction procedures in explaining the increased mater-
nal morbidity among medically assisted reproduction
pregnancies.>%!2 Our findings showing that the odds
of maternal morbidity increase with more invasive
treatments suggest that subfertility could be an impor-
tant underlying factor as it is associated with both
more invasive medically assisted reproduction proce-
dures and maternal morbidity. Nonetheless, they
could also point to the role of the medically assisted
reproduction procedure themselves. Invasive medi-
cally assisted reproduction procedures are likely on
the pathway between subfertility and maternal mor-
bidity, and different types of more invasive ART-
associated procedures (eg, ICSI, embryo biopsy)
may play a greater or lesser mediating role in the
relationship. Unfortunately, our data do not allow us
to elucidate these more granular relationships, though
we did account for many obstetric comorbidities (eg,
multifetal gestation and placenta previa), which could
be associated with procedures such as embryo biopsy.
Alternatively, there may also be less well understood
contributors to the pathophysiology of more severe or
intractable subfertility or infertility itself (eg, immune
milieu, microvascular dysfunction, chronic inflamma-
tion) that could independently predispose individuals
needing medically assisted reproduction to experi-
ence maternal morbidity. More research is needed
to further test these associations.

The findings have implications for patients, clini-
cians, and public health policymakers. Increased
maternal morbidity risk in medically assisted
reproduction-related multifetal pregnancies highlights
potential adverse health effects and costs, suggesting
that minimizing multifetal gestation is crucial.37:38
Multiple pregnancies are often linked to specific
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fertility drug protocols or multiple embryo transfers
during ART to improve pregnancy odds with fewer
treatment cycles.?>*? Nordic countries have seen
decreased multiple births in ART due to elective sin-
gle embryo transfer (eSET), an approach the
United States is gradually adopting (rates rose from
7% in 2009-67.3% in 2017 for individuals younger
than 35).4142 However, the lack of state-funded pro-
vision and high treatment costs may encourage mul-
tiple embryo transfers in the United States,
emphasizing the need for awareness campaigns on
eSET’s benefits, which can offer comparable preg-
nancy success rates while reducing maternal morbid-
ity risks.*34* Public health initiatives promoting eSET
and counseling on maternal morbidity risks associated
with medically assisted reproduction-related multifetal
pregnancies can guide safer treatment choices, poten-
tially lowering maternal morbidity rates and related
costs.
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