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ABSTRACT

Objective To investigate whether the association between
in vitro fertilisation (IVF) and severe maternal morbidity
(SMM) was mediated by multiple gestations.

Design A retrospective cohort study.

Setting The study was conducted at six hospitals in
China.

Participants Pregnant women at 20 gestational weeks
or longer.

QOutcome measure The outcome was SMM, which was a
composite of potential life-threatening conditions, the use of
critical medical interventions, or the status of maternal near-
miss that occurred during pregnancy, childbirth or within 42
days of pregnancy termination, as defined by WHO.

Results In total, 22 368 eligible pregnant women were
included, among whom 497 (2.2%) received IVF, and 776
developed SMM (incidence 34.7/1000 live births, 95% Cl
32.3/1000 to 37.1/1000). Four multivariable logistic
regression models were constructed. Model 1, without
including the variable of multiple gestations, showed that
IVF was associated with higher risk of SMM (adjusted OR
(@aOR) 1.54,95%Cl 1.03 to 2.29). Model 2, assessing the
association between IVF and multiple gestations, showed
that IVF was strongly associated with multiple gestations
(aOR 14.75, 95%Cl 11.38 to 19.10). Model 3, by adding the
variable of multiple gestations to model 1, showed that IVF
was not statistically associated with SMM (aOR 0.89, 95% Cl
0.58 to 1.36), but multiple gestations were associated with
higher risk of SMM (a0R 5.92, 95% Cl 4.88 to 7.83). Model 4,
investigating the association between IVF and SMM among
singleton pregnancies, showed no statistically significant
association (aOR 0.70, 95% Cl 0.37 to 1.32). An additional
analysis by adding the interaction term of IVF by multiple
gestations to model 3 showed no statistical significance

of the interaction term (aOR 1.15, 95% Cl 0.36 to 3.68),
confirming the absence of exposure-mediator interaction.
Conclusions Using the established rule for judging
mediation effect, the results suggested that multiple
gestations might mediate the association between the use
of IVF and higher risk of SMM. Further prospective studies
are warranted to test our finding.

Strengths and limitations of this study

» This was a multicentre cohort study with a large
sample size to address the putative association be-
tween in vitro fertilisation (IVF) and severe maternal
morbidity (SMM) among the Chinese population.

» Rigorous methods were used to collect data and
identify SMM defined by WHO.

» The established methods were used to test the me-
diation effect of multiple gestations on the associa-
tion between IVF and SMM.

» The admission to intensive care unit and use of
blood products may be influenced by physician’s
experience and medical conditions; such variations
may affect the measurement of SMM.

» We were unable to assess the associations between
types of IVF (donor vs autologous, fresh vs frozen)
and SMM.

has been widely used for treating infertility
in the past decades.! Each year, more than
200000 babies are born from this tech-
nology worldwide.? Several studies, however,
suggested that IVF might increase the risk
of serious adverse maternal outcomes,g_7
including severe maternal morbidity (SMM),
a composite indicator that measures multiple
maternal life-threatening conditions, the use
of critical medical interventions or the status
of maternal near-miss, as defined by WHO 5!
Increasing concerns have arisen regarding
the impact of conception with IVF on infer-
tility population.

A few earlier studies reported the associ-
ation between ART and SMM.'*" Among
those studies, investigators included pregnant
women with singleton and multiple gesta-
tions, and assessed both IVF fertility treat-
ment and non-IVF fertility treatment (NIFT).
To explore the putative association between
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measured at baseline.'* In the analysis of the singletons
subset, one study did not found significant association
between ARTs and SMM, partly because of lack of statis-
tical power in some studies;'* the others reported statisti-
cally higher risk of SMM in association with ARTs among
singleton subset,'?'? 1°

These analytical approaches may not be optimal. In
those analyses, investigators did not explore if there was
any difference between IVF and NIFT. Understanding the
independent effect of IVF is particularly desirable, since
it has become a dominant fertility procedure. Second, in
case of multiple gestations, clinicians and patients often
choose to transfer multiple embryos to maternal uterus
in order to improve the success rate of live births.'® As a
result, multiple gestations are common, and the risk of
SMM may be increased. Were this inference real, multiple
gestations would act to mediate the undesirable effect of
IVF on SMM, and controlling the risk of multiple gesta-
tions, while ensuring the success of live birth, would thus
be the ideal approach.

Therefore, to examine whether multiple gestations may
play a mediate effect on the association between the use
of IVF and SMM, we conducted a retrospective cohort
study using data from six hospitals in China, and applied
established methods for testing the hypothesised media-
tion effect.

MATERIAL AND METHODS

Design and setting

This was a retrospective cohort study conducted at six
hospitals in Sichuan province, China. Among these six
hospitals, three were located in Chengdu (capital city of
the province, covering about a fifth of the total popula-
tion), and the other three in the south (Zigong), middle
(Suining) and south-west (Panzhihua) of the province.
The six hospitals consisted of one academic medical
centre (West China Women and Children’s Hospital,
Sichuan University), two regional hospitals, and three
specialty care institutions for women and children. The
West China Women and Children’s Hospital was the
referral care organisation and provided advisory support
for the other five hospitals.

At their first antenatal visits, pregnant women were
given a unique identifier, which typically took place before
the 15th gestational week. They subsequently conducted
regular antenatal visits until delivery. All the data at each
visit and delivery were recorded into medical charts or
electronic medical records (EMRs) and linked by the
unique identifier. These data included demographic
and gestational characteristics, physical examinations,
laboratory tests, gestational comorbidities and clinical
outcomes.

Eligibility criteria

Eligible pregnant women should meet all the following
criteria: delivered between 1 January 2009 and
12 December 2010 at one of the six hospitals; were

registered with a unique identifier when conducting the
first antenatal visit; and conducted regular antenatal visits
until delivery.

Those women were excluded if they met any of the
following conditions: had the record of antenatal visits
fewer than four times; terminated pregnancy before 20
gestational weeks; or used NIFT during pregnancy (eg,
ovarian stimulation with pharmacological agents, with or
without intrauterine insemination (IUI)).

Data collection and quality control

We retrospectively collected the information from
medical charts or EMR databases at the six hospitals in
2014. To ensure the quality of data collection, we imple-
mented a rigorous approach. First, we predefined and
pilot-tested case report forms. These forms were then
manually completed by trained research assistants or
clinical staffs, who had adequate understanding about
research procedures and the study protocol. They also
double-entered data and conducted consistency check.
Finally, we checked for the completeness of data of all
completed forms; if any missing data occurred, the forms
were returned to investigators for data querying.

From each eligible pregnant woman, we collected
information regarding demographics, gestational char-
acteristics, physical examinations, laboratory tests, gesta-
tional comorbidities, clinical adverse events and mode of
conception (IVF versus spontaneous conception).

Demographics and gestational characteristics included
maternal age, prepregnancy body mass index (BMI), loca-
tion of residence, parity, smoking, multiple gestations,
gestational age at delivery and delivery mode (vaginal
delivery or caesarean section). Physical examinations
included height, body weight and blood pressure. Labora-
tory tests included blood cell count, haemoglobin concen-
tration, serum ferritin level, 75g or 100g oral glucose
tolerance test, and liver function indicators. Gestational
comorbidities included iron deficiency anaemia (IDA),
hepatitis B virus (HBV) infection, gestational hyperten-
sion disease, cardiac diseases, gestational diabetes mellitus
(GDM) and gynaecological diseases during current
pregnancy. Clinical adverse events included premature
delivery (gestational age <37 weeks), uterine rupture,
severe pre-eclampsia, eclampsia, multiple organ dysfunc-
tion syndromes, postpartum haemorrhage, blood transfu-
sions, radiology intervention, laparotomy and admission
to intensive care unit (ICU).

In defining gestational comorbidities, hypertension
included chronic hypertension and gestational hyperten-
sion; cardiac diseases included congenital heart disease,
rheumatic heart disease, hypertensive heart disease,
coronary heart disease, myocarditis, mitral stenosis, inter-
ventricular septal defect, nodal tachycardia, atrial fibrilla-
tion and sinus irregularities; and gynaecological diseases
included fibroid, ovarian cyst and pelvic inflammation.
Clinicians recorded gestational comorbidities by medical
examinations together with symptoms of patients’ self-re-
port at the first antenatal care. Patients were also followed
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up for GDM by the American Diabetes Association (ADA)
2003 criteria.'”

In the regular practice at the six hospitals, obstetri-
cians used a predefined questionnaire to document the
mode of conception at the first antenatal visit (before 15
gestational weeks). The response options for the question
about conception mode included in vitro fertilisation
and embryo transfer (IVF-ET), IUI and others. Pregnant
women with IVF during this pregnancy were treated as
exposure and the pregnant women with spontaneous
conception as control.

SMM definition and measurement

According to WHO,? SMM was defined as a composite
of potential life-threatening conditions, the use of crit-
ical medical interventions, or the status of maternal
near miss that occurred during pregnancy, childbirth or
within 42 days of pregnancy termination. The potential
life-threatening conditions were those severe maternal
complications, which typically required the use of crit-
ical interventions (online supplementary table 1). The
event of SMM was diagnosed by clinicians at each hospital
during pregnancy and delivery at admission. The West
China Women and Children’s Hospital provided the
guidance for the diagnosis of SMM for the other five
hospitals. While conducting this study, the other study
was ongoing at this region,'” covering the same six hospi-
tals as our study, in which SMM was also an important
outcome measure.

Statistical analysis

Our data set included those women with no missing
data across variables of our interest. We described demo-
graphics, gestational characteristics and gestational
comorbidities by the mode of conception (IVF vs sponta-
neous conception). We categorised pregnancy BMI into
four groups (<18.5kg/m? for underweight, 18.5-23.9kg/
m?* for normal weight, 24.0-27.9kg/m* for overweight
and >28.0kg/m” for obese) according to the criteria for
Chinese population.'” Numbers and percentages were
used for categorical variables, and mean and SD, or
median and IQRs, for continuous variable. The XQ test or
the Fisher’s exact test was used to compare demographics,
gestational characteristics and gestational comorbidities
between groups.

We initially explored the association between the use of
IVF and SMM using univariable analysis, and conducted a
subgroup analysis by the type of gestations (ie, singleton
vs multiple gestations). We used Woolf’s test to examine
homogeneity of ORs between subgroups. We also anal-
ysed the association between the use of IVF and multiple
gestations.

We also conducted multivariable logistic regression
analysis to control for confounding effects of poten-
tially important variables, selected based on clinical
relevance and prior research evidences. These included
maternal age (<35 yearsvs =35 years), prepregnant BMI
(underweight vs normal weight vs overweight vs obese),

residence location (rural vs urban area), parity (multi-
parity vs nulliparity), smoking before pregnancy (yes vs
no), and presence of IDA (yes vs no), HBV infection (yes
vs no), hypertension (yes vs no), GDM (yes vs no), cardiac
diseases (yes vs no) and gynaecological diseases (yes vs
no).

We hypothesised that the variable of multiple gestations
was a mediator of the putative association between the
use of IVF and SMM, and used the formal method to test
the mediation effect of multiple gestations, as below.’ *!
» We first conducted multivariable logistic regression

analysis without the variable of multiple gestations

(model 1), and the coefficient of IVF in relation to

SMM was recorded as [3.

» We then conducted a second multivariable logistic
regression analysis to estimate the association between
the use of IVF and multiple gestations (model 2), and
the coefficient of IVF in relation to multiple gesta-
tions was recorded as o.

» Subsequently, by adding the variable of multiple
gestations to model 1, we conducted multivariable
regression analysis (model 3). The coefficient of IVF
in relation to SMM was recorded as B” and the coef-
ficient of multiple gestations in relation to SMM was
recorded as 7. In order to test for the assumption of
absence of exposure-mediator interaction, we addi-
tionally conducted an analysis by including an inter-
action term of IVF by multiple gestations in model 3.

» Tojudge whether the mediation effect was present, we
used the following rules:

- If the hypothesis test for B was not statistically sig-
nificant (p>0.05), the subsequent analyses would
not be necessary.

- Conditional on the statistical significance of [3
(p<0.05), if oo and y were both statistically signif-
icant (p<0.05), and B' was not statistically signif-
icant ($>0.05), the multiple gestations would be
judged as a mediator for the association between
IVF and SMM.

- If no statistical significance was identified either
for o, or v, the Sobel method was used to explore
the mediation,” in which case the statistical signif-
icance (p<0.05) suggested the presence of media-
tion effect. Otherwise, the hypothesis of mediation
effect was rejected.

As a supporting exploratory analysis, we further inves-
tigated the association between IVF and SMM among
singleton pregnancies (model 4), which was a subset
analysis of singleton pregnancies based on model 1.
Given that one centre only collected data during 1year
(2009), we conducted a sensitivity analysis of removing
this centre. In addition, in order to test the robustness
of our results, we conducted another sensitivity analysis
excluding severe pre-eclampsia and blood transfusion
from the SMM event set. We conducted all the statistical
analyses by Stata V.12.0 software (StataCorp, College
Station, Texas, USA). The test with a two-tailed p value of
less than 0.05 was considered statistically significant.
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23 306 pregnant women with a unique identifier and
regular antenatal visits, who had a delivery at six hospitals
between January 1, 2009 and December 31, 2010

Excluded 128 pregnant women

—

terminated pregnancy before 20 |4

Excluded 804 pregnant women with
less than 4 times of antenatal visits

gestational weeks
Y
22 374 pregnant women were further
screened

Excluded 6 pregnant women used
non-IVF fertility treatment (NIFT)

Finally, 22 368 eligible pregnant women were
included

—>

497 pregnant women received IVF
and 21 871 individuals underwent
spontaneous conception

v

21 941 pregnant women with
singletons

Figure 1

Patient and public involvement statement
Neither pregnant women nor the public were involved in
the design and conduct of the study.

RESULTS

After screening 23306 pregnant women, 22368 met
the eligibility criteria and were included in the analyses
(figure 1). The number of deliveries at the six hospi-
tals were 358, 1543, 2826, 3591, 4684 and 9366, respec-
tively. Among those, 497 (2.2%) received IVF and 21871
(97.8%) underwent spontaneous conception; 427 (1.9%)
were multiple gestations and 21941 (98.1%) of singletons
occurred during current pregnancy.

There were 776 SMM events (incidence 34.7/1000 live
births, 95% CI 32.3/1000 to 37.1/1000), including 525
severe maternal complications (incidence 23.5/1000
live births, 95% CI 21.5/1000 to 25.5/1000), 404 use

v

427 pregnant women with
multiple gestations

Flow chart of the included population. IVF, in vitro fertilisation.

of critical interventions (incidence 18.1/1000, 95% CI
16.3/1000 to 19.8/1000), and 6 maternal near-misses
(incidence 0.27/1000, 95% CI 0.05/1000 to 0.5/1000).
Use of blood products and severe pre-eclampsia were the
primary components of SMM, accounting for 370 and
311 events (table 1). The incidences of SMM among six
hospitals varied from 14.1/1000 to 51.6/1000. No preg-
nant woman died during the study period.

The average maternal age was 27.6 years and the
average gestational age was 38.4 weeks; 99.4% were
Han nationality; and the average prepregnant BMI
was 26.6kg/m2. Women who were aged 35 years or
older (p<0.001), resided in urban area (p<0.001), had
nulliparity (p=0.003) and smoked before pregnancy
($<0.001) were more likely to receive IVF than spon-
taneous pregnancy. Among those who received IVE,
18.71% had multiple gestations, as opposed to 1.53% of
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Table 1 The category and number of SMMs in the study
population

Table 2 Demographic and gestational characteristics in the
included population (n, %)

Category Subtype Number (%)
Severe maternal Severe postpartum 216 (0.97)
complications  haemorrhage
Severe pre-eclampsia 311 (1.39)
Eclampsia 9 (0.04)
Sepsis or severe systemic 0 (0)
infection
Ruptured uterus 4 (0.02)
Severe complications of 0(0)
abortion
Critical Admission to intensive care 27 (0.12)
interventions or unit
mtgnswe Car® |nterventional radiology 4 (0.02)
unit use
Laparotomy 45 (0.20)
Use of blood products 370 (1.65)
Life-threatening Cardiovascular dysfunction 5(0.02)
conditions . N
Respiratory dysfunction 2 (0.01
(near-miss P Y y. 0.0
criteria) Renal dysfunction 2(0.01)
Coagulation/haematological 6 (0.03)
dysfunction
Hepatic dysfunction 2 (0.01)
Neurological dysfunction 2 (0.01)
Uterine dysfunction 6 (0.03)
Total 776 (3.47)

SMM, severe maternal morbidity.

the population who experienced spontaneous concep-
tion (p<0.001) (table 2).

Multiple gestational comorbidities during current preg-
nancy, including IDA (p=0.001), HBV (p=0.044), GDM
(p<0.001) and gynaecological diseases (p<0.001), were
statistically associated with IVF. The use of IVF was also
associated with gestational age ($<0.001) and caesarean
section delivery (p=0.020) (tables 2 and 3).

Univariable analysis showed statistically significant asso-
ciation between the use of IVF and higher risk of SMM
(OR 1.69, 95%CI 1.14 to 2.49). Among the singleton
pregnancy subgroup, the use of IVF was not associated
with risk of SMM (OR 0.77, 95% CI 0.41 to 1.45); among
the multiple gestation subgroup, IVF was not associated
with SMM either (OR 1.10, 95% CI 0.61 to 1.97); homo-
geneity Woolf’s test: p=0.42 (table 4). The use of IVF
was associated with more multiple gestations (OR 14.84,
95% CI 11.56 to 19.06).

We conducted four multivariable logistic regression
models. Model 1, without including the variable of
multiple gestations, showed that IVF was associated with
higher risk of SMM (adjusted OR (aOR) 1.54, 95% CI
1.03 to 2.29). Model 2, assessing the association between
the use of IVF and multiple gestations, showed that IVF
was strongly associated with multiple gestations (aOR

Spontaneous
IVF conception
Characteristics (n=497) (n=21871) P values
Maternal age, years
<35 383 (77.06) 19302 (88.25) <0.001
>35 114 (22.94) 2569 (11.75)
Prepregnancy BMI (kg/m?)
<18.5 1(0.20) 39 (0.18) 0.118
18.5-23.9 91 (18.31) 4176 (19.09)
24.0-27.9 236 (47.48) 11298 (51.66)
>28.0 169 (34.00) 6358 (29.07)
Residence location
Urban area 339 (68.21) 13039 (59.62) <0.001
Rural area 158 (31.79) 8832 (40.38)
Parity
Nulliparity 410 (82.49) 16787 (76.75) 0.003
Multiparity 87 (17.51) 5084 (23.25)
Smoking before pregnancy
Yes 49 (9.86) 1190 (5.44)  <0.001
No 448 (90.14) 20681 (20681)
Multiple gestations
Yes 93 (18.71) 334 (1.53) <0.001
No 404 (81.29) 21537 (98.47)
Gestational age, weeks
>37 405 (81.49) 20018 (91.53) <0.001
<37 92 (18.51) 1853 (8.47)
Delivery mode
Vaginal delivery 132 (26.56) 6878 (31.45)  0.020
Caesarean 365 (73.44) 14993 (68.55)
section

BMI, body mass index; IVF, in vitro fertilisation.

14.75, 95% CI 11.38 to 19.10). Model 3, by adding the
variable of multiple gestations to model 1, showed that
IVF was not statistically associated with SMM (aOR 0.89,
95% CI 0.58 to 1.36), but multiple gestations were asso-
ciated with higher risk of SMM (aOR 5.92, 95% CI 4.88
to 7.83). An additional analysis by adding the interaction
term of IVF by multiple gestations to model 3 showed that
the interaction term was not statistically significant (aOR
1.15,95% CI 0.36 to 3.68).

Using established rules for judging the mediation effect,
these models suggested that multiple gestations were a
mediator for the association between IVF and SMM. As
a supporting and exploratory analysis, model 4, which
included singleton pregnancies only, further suggested
that IVF was not associated with SMM (aOR 0.70, 95% CI
0.37 to 1.32). In model 1, model 3 and model 4, we
controlled for an identical set of confounders (table 5).
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Table 3 Gestational comorbidities between IVF and
spontaneous population (n, %)

Spontaneous
Gestational IVF conception
comorbidities (n=497) (n=21871) P values
IDA
No 459 (92.35) 20904 (95.58) 0.001
Yes 38 (7.65) 967 (4.42)
HBYV infection
No 467 (93.96) 20953 (95.80) 0.044
Yes 30 (6.04) 918 (4.20)
Hypertension
No 488 (98.19) 21583 (98.68) 0.341
Yes 9(1.81) 288 (1.32)
Cardiac diseases
No 491 (98.79) 21577 (98.66) 0.793
Yes 6 (1.21) 294 (1.34)
GDM
No 408 (82.09) 20090 (91.86)  <0.001
Yes 89 (17.91) 1781 (8.14)
Gynaecological diseases
No 441 (88.73) 20326 (92.94) <0.001
Yes 56 (11.27) 1545 (7.06)

GDM, gestational diabetes mellitus; HBV, hepatitis B virus; IDA,
iron deficiency anaemia; IVF, in vitro fertilisation.

The sensitivity analyses—by removing one centre with
a small number of pregnant women, or excluding severe
pre-eclampsia and blood transfusion from the SMM event
set—showed similar results (online supplementary tables

2 and 3).

DISCUSSION

Findings and interpretations

Our study, through established statistical tests, suggests
that the association between the use of IVF and higher

8

risk of SMM may be mediated by multiple gestations.
That is, in the population that used the IVF technique,
the resulting multiple gestations would lead to a statisti-
cally significant higher risk of SMM; this did not occur
among singleton pregnancies, although the relatively
wide Cls cannot preclude the possibility of risk increase
(in this case aOR 0.37 to 1.32), suggesting a moderate
level of uncertainty. This finding was consistent with
previous findings that multiple gestations were an estab-
lished risk factor for severe adverse outcomes, both for
pregnant women and fetuses.” ** In an ideal situation,
singleton pregnancy may be the goal of IVE2

Our findings refute the hypothesis that IVF itself is a
risk factor for increased risk of SMM. It also intrigues an
important question as to what would be the best approach
for embryo transfer. Clinicians should carefully assess the
possibility of multiple gestations for those women plan-
ning to receive the IVF technique. In particular, the like-
lihood of multiple gestations is not low in the population
using IVF. In our analysis, 18.71% (93/497) pregnant
women of those receiving IVF were multiple gestations;
in USA and Europe, about 40% and 21% of treatment
cycles are transferred at least three embryos, respectively,
resulting 20%-30% of conceptions by IVF are multiple
gestations.28_30

Although several authorities have recommended
that a limited number of embryos should be trans-
ferred,27 31 ho definitive conclusion has been achieved
as to the number of embryo transfers. Some have
proposed elective single-embryo transfer,”® ** and
recommended a number of factors for clinical assess-
ment when choosing the number of embryos, including
maternal age, embryo stage, coexisting medical condi-
tion and sub-type of IVF (eg, donor-oocyte cycles and
frozen-embryo transfer cycles).”” ** In the Chinese
setting, no clear recommendations are available. ART is
not reimbursed by National Basic Medical Insurance in
China. Patients who choose ART are typically wealthy,
and prefer to transfer multiple embryos to improve
the one-time success rate. Thus, despite the informed

Table 4 Univariable analysis of SMM associated with [VF among the whole population and subgroups (n, %)

Mode of conception SMM (n=776) Non-SMM (n=21592) OR (95% CI)
Overall (n=22368)

Spontaneous 748 (96.39) 21123 (97.83)

IVF 28 (3.61) 469 (2.17) 1.69 (1.14 to 2.49)
Singleton subgroup*(n=21941)

Spontaneous 688 (98.57) 20849 (98.15)

IVF 10 (1.43) 394 (1.85) 0.77 (0.41 to 1.45)
Multiple gestation subgroup*(n=427)

Spontaneous 60 (76.92) 274 (78.51)

IVF 18 (23.08) 75 (21.49) 1.10 (0.61 to 1.97)

*Woolf's test of homogeneity: ,°=0.652, p=0.42.
IVF, in vitro fertilisation; SMM, severe maternal morbidity.
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Table 5 Multivariable logistic regression analysis of IVF associated with SMM

Variables in the models

Model 1 (all
pregnancies) aOR
(95% ClI)

Model 2 (all
pregnancies) aOR
(95% Cl)

Model 3 (all
pregnancies) aOR
(95% ClI)

Model 4 (singletons)

aOR (95% Cl)

Dependent variable
Mode of conception

IVF versus spontaneous

Multiple gestations
Maternal age, years
>35vs <35
Prepregnancy BMI

Underweight versus normal weight
Overweight versus normal weight
Obese versus normal weight

Residence location

Rural area versus urban area

Parity

Multiparity versus nulliparity
Smoking before pregnancy

Yes versus no
IDA

Yes versus no
HBV infection
Yes versus no
Hypertension
Yes versus no
Cardiac diseases
Yes versus no
GDM

Yes versus no

Gynaecological diseases

Yes versus no
Individuals

Number of variables
Likelihood ratio 2

SMM

1.54 (1.03 to 2.29)

1.54 (1.26 to 1.88)
0.78 (0.10 to 5.77)
1.03 (0.83 to 1.27)
1.48 (1.19 to 1.84)
1.19 (1.02 to 1.38)
1.41 (1.19 10 1.67)
0.56 (0.38 to 0.83)
3.22 (2.54 to 4.09)
1.59 (1.19 t0 2.13)
4.83 (3.49 to 6.69)
4.00 (2.81 to 5.70)
1.17 (0.92 to 1.49)
0.90 (0.68 to 1.20)
22368

14
314.8

Multiple gestations

14.75 (11.38 to 19.10)

1.41 (1.07 to 1.86)

1.48 (1.06 to 2.07)
2.84 (2.04 to 3.96)

1.23 (1.00 to 1.51)

0.83 (0.64 to 1.07)

0.30 (0.15 to 0.60)

22368
7
381.4

SMM

0.89 (0.58 to 1.36)
5.92 (4.48 to 7.83)

1.52 (1.24 to 1.86)
0.81 (0.11 to 6.04)
1.00 (0.81 to 1.24)
1.38 (1.10 to 1.72)
1.17 (1.00 to 1.36)
1.45 (1.22 to 1.71)
0.60 (0.40 to 0.88)
3.10 (2.44 to 3.95)
1.59 (1.18 t0 2.13)
4.76 (3.43 t0 6.62)
3.87 (2.70 to 5.55)
1.13 (0.88 to 1.44)
0.88 (0.66 to 1.18)
22368

15
433.5

SMM

0.70 (0.37 to 1.32)

1.62 (1.31 to 2.00)
0.78 (0.10 to 5.78)
0.96 (0.77 to 1.19)
1.27 (1.02 to 1.60)
1.20 (1.03 to 1.40)
1.46 (1.23 to 1.75)
0.63 (0.43 to 0.94)
3.00 (2.32 to 3.87)
1.61 (1.18 to 2.20)
4.91 (3.48 to 6.90)
4.07 (2.81 to 5.90)
1.21 (0.94 to 1.56)
0.90 (0.66 to 1.22)
21941

14
273.1

Model 1 estimated the association between IVF and SMM by multivariable logistic regression analysis without the variable of multiple

gestations in all pregnant women.

Model 2 estimated the association between IVF and multiple gestations by multivariable logistic regression analysis in all pregnant women.
Model 3 estimated the association between IVF and SMM by multivariable logistic regression analysis including the variable of multiple

gestations in all pregnant women.

Model 4 estimated the association between IVF and SMM by multivariable logistic regression analysis without the variable of multiple

gestations in a subset of singletons.

BMI, body mass index; GDM, gestational diabetes mellitus; HBV, hepatitis B virus; IDA, iron deficiency anaemia; IVF, in vitro fertilisation; SMM,

severe maternal morbidity.

risk associated with the technology, transfer of multiple
embryos is commonly practised.

Comparison with previous studies

A few studies previously explored the association between
the use of IVF and risk of SMM, all of which were
conducted in North America. One study,'* enrolling 6543

women who delivered live births >20gestational weeks
at one centre, suggested that the use of ART, compared
with spontaneous conception, increased the overall risk
of SMM; however, ART did not increase the risk among
singleton pregnancies. The second study,” collecting
1016 618 deliveries from Truven Health MarketScan
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Commercial Claims and Encounters Databases between
2008 and 2012, concluded that ART was associated with
increased risk of SMM among singletons, but not among
multiple gestations. By linking ART treatment records
with birth certificates and maternal and infant hospital-
isation records in Massachusetts between 2004 and 2010,
the third study included 458918 pregnant women aged
18 years or older who had live-born singletons or twins,
and suggested that ART was associated with increased risk
of SMM among singletons, and the risk was even higher
among twins.'”” In addition, a study testing the associa-
tion among singletons in 114409 pregnancies from the
Ontario birth registry (BORN Information System) and
Canadian Assisted Reproductive Technologies Register in
Canada showed that IVF was associated with an increased
risk of SMM. "

In assessing the association between the use of IVF
and SMM, previous studies either explicitly or implicitly
considered multiple gestations as a confounder. However,
either multiple gestations or singleton pregnancy was a
consequence of IVE, thatis, a characteristic not measured
at baseline. Thus, an appropriate interpretation is that
the resulting multiple gestations, due to the use of IVF,
may determine the undesirable effect on SMM. As a
result, our analyses have supported this hypothesis. Our
study proposed and empirically examined the mediation
effect of multiple gestations between IVF and SMM. In
retrospect, the mediation effect of multiple gestations was
neither adequately recognised nor explored.

In our study, we found no statistically significant asso-
ciation between the use of IVF and singletons, but a few
earlier studies otherwise reported statistically signifi-
cant association. We have thoroughly compared these
studies with our study, as shown in online supplemen-
tary table 4. The apparent differences may be explained
as below. First, those published studies conducted in
North America defined SMM by 5-25 indicators using
International Classification of Diseases (ICD)-9 or
ICD-10 codes."*™ In contrast, our study used SMM
defined by WHO,? which included 15 indicators. Our
definition of SMM had a broader spectrum of serious
adverse events, such as severe postpartum haemor-
rhage, severe pre-eclampsia, laparotomy and admission
to ICU, four of which accounted for a large proportion
of total events (77.2%) in our data set. Thus, the inci-
dence of SMM—the outcome of interest—in our study
was much higher than that in other studies (3.5% vs
1.1%-1.5%).'*1°

Second, the definition of exposure seemed different
between earlier studies versus ours. In the two studies
by Martin et al and Belanoff et al, they included a diver-
sity of ARTs, such as ovarian stimulation by drug treat-
ments, IUI and IVF. The increased risk of SMM among
singletons may be a result of combined effects of several
interventions.'*™"* In comparison, our analysis exclusively
included IVF.

Third, the difference in results is possibly due to the
varying adjustments for confounding effects across those

studies. For instance, some important confounders, such
as maternal IDA and HBV infection identified at the
first antenatal visit, were included in our analysis, mainly
because of high prevalence of IDA and HBV infection in
the Chinese population.” *

Finally, one potentially important difference is the
study population. In our study, we exclusively included
pregnant Chinese women; in other studies, the popula-
tion was North American. Another potentially important
difference, which is closely related to the population, is
that there is a difference between the healthcare systems
in China and USA. Such differences may have contrib-
uted to the apparent differences in the findings.

Therefore, with all these variations, one may interpret
the findings cautiously. Our findings do not offer a defini-
tive answer as to the mediation effect of multiple gestation
on SMM; instead it generates an important hypothesis,
which warrants further testing by well-designed, rigor-
ously conducted prospective studies.

Strength and limitations

Our study has several strengths. First, this is the first multi-
centre cohort study addressing the putative association
between IVF and SMM among the Chinese population.
We included 22368 consecutive deliveries in a natural-
istic medical environment; the finding is thus generalis-
able. Second, we used established methods to examine
the mediation effect of multiple gestations between IVF
and SMM, by which we were able to clearly clarify the
role of multiple gestations. The results suggested that
transferring a limited number of embryos may reduce
SMM. Third, we used rigorous methods to collect data
and strictly followed the WHO approach to measure and
identify SMM. In particular, we checked the definitions
of required indicators, and confirmed the consistency
between our available data and the standard. Last, the
population receiving IVF is more likely to have specific
demographic and social characteristics,” as well as health
and fertility problems due to gestational comorbidities
(eg, IDA and other haematological diseases, HBV infec-
tion and other hepatic diseases, cardiopathy, and hyper-
tension).'® ** * We have used a more rigorous approach
by controlling for these confounders in our analyses,
compared with previous studies.

Our study has a few limitations also. Given the limited
sample size of multiple gestations in our population, we
did not conduct multivariable regression among multiple
gestations to explore the association between IVF and
SMM. Besides, similar to previous studies, the data were
retrospectively collected from medical records and EMRs
at six hospitals. Although the conception mode of this
pregnancy was strictly recorded, there was a small likeli-
hood of misclassification about IVF, since some pregnant
women may not fully report the use of IVF. The number
of pregnant women varied among the six hospitals, and
one centre had a small number of pregnant women.
Nevertheless, sensitivity analysis by excluding this centre
showed similar findings. In addition, the admission to
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ICU and use of blood products may be influenced by
physician’s experience and medical conditions; such vari-
ations may affect the measurement of SMM. Finally, some
important confounding factors, such as uterine status
and male factor, were not available in our data set and
thus not included in the adjustment analyses. We were
also unable to assess the associations between types of IVF
(donor versus autologous, fresh versus frozen) and SMM,
as such information was unavailable.

CONCLUSION

In summary, our study suggested that the apparent effect
of IVF on SMM may be mediated by multiple gestations.
The finding also suggested the need for careful consider-
ation of the number of embryo transfers during the prac-
tice of IVF, since transferring more embryos may increase
the risk of multiple gestations. Given the limitations of
our study, however, the findings are not definitive. Further
studies, particularly using prospective designs, should
be conducted to confirm the likely mediation effect of
multiple gestations.

Acknowledgements The authors thank all researchers from six hospitals
participating in the study (The West China Women and Children’s Hospital, The Fifth
People's Hospital of Chengdu, Maternal and Child Care Service Centre of Zigong,
Maternal and Child Care Service Centre of Panzhihua, Maternal and Child Care
Service Centre of Pengzhou, and The Central Hospital of Suining).

Contributors Study conception: JT and XS; Study design and analysis of data: JT;
Data collection: X-HL, JZ; Drafting of the article: JT, Y-NQ; Critical revision: XS, JT,
Y-NQ, WW, X-HL, G-TZ and KZ. All authors read and approved the final manuscript.

Funding This study was funded by the National Natural Science Fund (No.
71704122, 81590955), the National Key Development Plan for Precision

Medicine Research (No. 2017YFC0910004), the National Science and Technology
Major Project (No. 20182X10302206004005), the National Key Research and
Development Program of Reproductive Health & Major Birth Defects Control and
Prevention (No0.2016YFC1000406) and “Thousand Youth Talents Plan” of China (No.
D1024002).

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval The study was approved by the Medical Ethics Committee of
West China Second Hospital (West China Women and Children’s Hospital), Sichuan
University (No. 2014-2020).

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement Data sharing is possible upon ethical approval and
mutual agreement on data authorship.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. Wen SW, Leader A, White RR, et al. A comprehensive assessment
of outcomes in pregnancies conceived by in vitro fertilization/
intracytoplasmic sperm injection. Eur J Obstet Gynecol Reprod Biol
2010;150:160-5.

2. Pandey S, Shetty A, Hamilton M, et al. Obstetric and perinatal
outcomes in singleton pregnancies resulting from IVF/ICSI: a
systematic review and meta-analysis. Hum Reprod Update
2012;18:485-503.

3.

10.

11.

12.

13.

14.

15.

16.

20.

21.

22.

23.

24.

25.

26.

27.

Paulson RJ, Boostanfar R, Saadat P, et al. Pregnancy in the
sixth decade of life: obstetric outcomes in women of advanced
reproductive age. JAMA 2002;288:2320-3.

. Kallén B, Finnstrém O, Nygren KG, et al. In vitro fertilisation in

Sweden: obstetric characteristics, maternal morbidity and mortality.
BJOG 2005;112:1529-35.

Romundstad LB, Romundstad PR, Sunde A, et al. Increased risk of
placenta previa in pregnancies following IVF/ICSI; a comparison of
ART and non-ART pregnancies in the same mother. Hum Reprod
2006;21:2353-8.

. Qin J, Liu X, Sheng X, et al. Assisted reproductive technology and

the risk of pregnancy-related complications and adverse pregnancy
outcomes in singleton pregnancies: a meta-analysis of cohort
studies. Fertil Steril 2016;105:73-85.

Qin J, Sheng X, Wu D, et al. Adverse Obstetric Outcomes Associated
With In Vitro Fertilization in Singleton Pregnancies. Reprod Sci
2017;24:595-608.

World Health Organization. Evaluating the quality of care for severe
pregnancy complications: the WHO near-miss approach for maternal
health. 2011. http://www.who.int/reproductivehealth/publications/
monitoring/9789241502221/en/.

Zwart JJ, Richters JM, Ory F, et al. Severe maternal morbidity

during pregnancy, delivery and puerperium in the Netherlands: a
nationwide population-based study of 371,000 pregnancies. BJOG
2008;115:842-50.

Say L, Chou D. Better understanding of maternal deaths--the new
WHO cause classification system. BJOG 2011;118(Suppl 2):15-17.
Callaghan WM, Creanga AA, Kuklina EV. Severe maternal morbidity
among delivery and postpartum hospitalizations in the United States.
Obstet Gynecol 2012;120:1-36.

Belanoff C, Declercq ER, Diop H, et al. Severe Maternal Morbidity
and the Use of Assisted Reproductive Technology in Massachusetts.
Obstet Gynecol 2016;127:527-34.

Martin AS, Monsour M, Kissin DM, et al. Trends in severe maternal
morbidity after assisted reproductive technology in the United States,
2008-2012. Obstet Gynecol 2016;127:59-66.

Wang ET, Ozimek JA, Greene N, et al. Impact of fertility treatment

on severe maternal morbidity. Fertil Steril 2016;106:423-6.

Dayan N, Fell DB, Guo Y, et al. Severe maternal morbidity in women
with high BMI in IVF and unassisted singleton pregnancies. Hum
Reprod 2018:1548-56.

Committee on Practice Bulletins —ObstetricsSociety for Maternal—-
Fetal Medicine. Practice Bulletin No. 169: Multifetal Gestations: Twin,
Triplet, and Higher-Order Multifetal Pregnancies. Obstet Gynecol
2016;128:e131-46.

American Diabetes Association. Gestational diabetes mellitus.
Diabetes Care 2003;26(Suppl 1):S103-S105.

Tan J, Liu XH, Yu C, et al. Effects of medical co-morbidities on severe
maternal morbidities in China: a multicenter clinic register study. Acta
Obstet Gynecol Scand 2015;94:861-8.

Coorperative Meta-analysis Group of China Obesity Task Force.
Predictive values of body mass index and waist circumference to
risk factors of related disease in Chinese adult population. Chin J
Epidemiol 2002;23:5-10.

Judd CM, Kenny DA. Process analysis:Estimating mediation in
treatment evaluations. Evaluation Review 1981;5:602-19.

Baron RM, Kenny DA. The moderator-mediator variable distinction in
social psychological research: conceptual, strategic, and statistical
considerations. J Pers Soc Psychol 1986;51:1173-82.

Sobel ME. Direct and indirect effects in linear structural equation
models. Long JS, ed. Common problems/proper solutions. Beverly
Hills, CA: Sage, 1988.

Rao A, Sairam S, Shehata H. Obstetric complications of

twin pregnancies. Best Pract Res Clin Obstet Gynaecol
2004;18:557-76.

Santana DS, Cecatti JG, Surita FG, et al. Twin Pregnancy and Severe
Maternal Outcomes: The World Health Organization Multicountry
Survey on Maternal and Newborn Health. Obstet Gynecol
2016;127:631-41.

Practice Committee of American Society for Reproductive Medicine.
Multiple gestation associated with infertility therapy: an American
Society for Reproductive Medicine Practice Committee opinion. Fertil
Steril 2012;97:825-34.

De los Santos MJ, Apter S, Coticchio G, et al. Revised guidelines

for good practice in IVF laboratories (2015). Hum Reprod
2016;31:685-6.

Practice Committee of the American Society for Reproductive
Medicine. Electronic address: ASRM@asrm.orgPractice Committee
of the Society for Assisted Reproductive Technology. Guidance on
the limits to the number of embryos to transfer: a committee opinion.
Fertil Steril 2017;107:901-3.

Tan J, et al. BMJ Open 2019;9:€022670. doi:10.1136/bmjopen-2018-022670


http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.ejogrb.2010.02.028
http://dx.doi.org/10.1093/humupd/dms018
http://www.ncbi.nlm.nih.gov/pubmed/12425710
http://dx.doi.org/10.1111/j.1471-0528.2005.00745.x
http://dx.doi.org/10.1093/humrep/del153
http://dx.doi.org/10.1016/j.fertnstert.2015.09.007
http://dx.doi.org/10.1177/1933719116667229
http://www.who.int/reproductivehealth/publications/monitoring/9789241502221/en/
http://www.who.int/reproductivehealth/publications/monitoring/9789241502221/en/
http://dx.doi.org/10.1111/j.1471-0528.2008.01713.x
http://dx.doi.org/10.1111/j.1471-0528.2011.03105.x
http://dx.doi.org/10.1097/AOG.0b013e31826d60c5
http://dx.doi.org/10.1097/AOG.0000000000001292
http://dx.doi.org/10.1097/AOG.0000000000001197
http://dx.doi.org/10.1016/j.fertnstert.2016.03.039
http://dx.doi.org/10.1093/humrep/dey224
http://dx.doi.org/10.1093/humrep/dey224
http://dx.doi.org/10.1097/AOG.0000000000001709
http://dx.doi.org/10.2337/diacare.26.2007.S103
http://dx.doi.org/10.1111/aogs.12657
http://dx.doi.org/10.1111/aogs.12657
http://dx.doi.org/10.1037/0022-3514.51.6.1173
http://dx.doi.org/10.1016/j.bpobgyn.2004.04.007
http://dx.doi.org/10.1097/AOG.0000000000001338
http://dx.doi.org/10.1016/j.fertnstert.2011.11.048
http://dx.doi.org/10.1016/j.fertnstert.2011.11.048
http://dx.doi.org/10.1093/humrep/dew016
http://dx.doi.org/10.1016/j.fertnstert.2017.02.107

28. Reddy UM, Wapner RJ, Rebar RW, et al. Infertility, assisted 33. McLernon DJ, Harrild K, Bergh C, et al. Clinical effectiveness of
reproductive technology, and adverse pregnancy outcomes: elective single versus double embryo transfer: meta-analysis of
executive summary of a National Institute of Child Health and Human individual patient data from randomised trials. BMJ 2010;341:c6945.
Development workshop. Obstet Gynecol 2007;109:967-77. 34. JOINT SOGC'_CFA,S' deehpgs fpr the number of embryos to

29. Nyboe Andersen A, Goossens V, Bhattacharya S, et al. Assisted transfer following in vitro fertilization No. 182, September 2006. Int J

) ) N o ; Gynaecol Obstet 2008;102:203-16.
reproductive technology and intrauterine |n§em|nat|ons in Europe, 35. Liao QK. Chinese Children, Pregnant Women & Premenopausal
2005: results generateq frqm European registers by ESHRE: ESHRE. Women Iron Deficiency Epidemiological Survey Group. [Prevalence
The European IVF Monitoring Programme (EIM), for the European of iron deficiency in pregnant and premenopausal women in China:
Society of Human Reproduction and Embryology (ESHRE). Hum a nationwide epidemiological survey]. Zhonghua Xue Ye Xue Za Zhi
Reprod 2009;24:1267-87. 2004;25:653-7.

30. Lawlor DA, Nelson SM. Effect of age on decisions about the numbers 36. Tan J, Liu X, Mao X, et al. HBsAg positivity during pregnancy and
of embryos to transfer in assisted conception: a prospective study. adverse maternal outcomes: a retrospective cohort analysis. J Viral
Lancet 2012,379:5217. 37 gﬁgigfe?régs;rﬁ% Stephen EH. Infertility service use in the

31 E’iﬁiﬁ/gge;nDse'chfjitir’:A; ?'kslzgf':r?i.lixi:'gzlt?nz:tth er:t;l:tng United States: data from the National Survey of Family Growth,

e ; 1982-2010. Natl Health Stat Report 2014:1.
2005'365'1807_1 6. . . 38. Declercq E, Luke B, Belanoff C, et al. Perinatal outcomes associated

32. Cutting R, Morroll D, Roberts SA, et al. Elective single embryo with assisted reproductive technology: the Massachusetts Outcomes
transfer: guidelines for practice British Fertility Society and Study of Assisted Reproductive Technologies (MOSART). Fertil Steril
Association of Clinical Embryologists. Hum Fertil 2008;11:131-46. 2015;103:888-95.

10 Tan J, et al. BMJ Open 2019;9:€022670. doi:10.1136/bmjopen-2018-022670


http://dx.doi.org/10.1097/01.AOG.0000259316.04136.30
http://dx.doi.org/10.1093/humrep/dep035
http://dx.doi.org/10.1093/humrep/dep035
http://dx.doi.org/10.1016/S0140-6736(11)61267-1
http://dx.doi.org/10.1016/S0140-6736(05)66478-1
http://dx.doi.org/10.1080/14647270802302629
http://dx.doi.org/10.1136/bmj.c6945
http://dx.doi.org/10.1016/j.ijgo.2008.01.007
http://dx.doi.org/10.1016/j.ijgo.2008.01.007
http://www.ncbi.nlm.nih.gov/pubmed/15634568
http://dx.doi.org/10.1111/jvh.12545
http://dx.doi.org/10.1111/jvh.12545
http://dx.doi.org/10.1016/j.fertnstert.2014.12.119

	The mediation effect of multiple gestations on the association between in vitro fertilisation and severe maternal morbidities: a retrospective cohort study
	Abstract 
	Introduction﻿﻿
	Material and methods
	Design and setting
	Eligibility criteria
	Data collection and quality control
	SMM definition and measurement
	Statistical analysis
	Patient and public involvement statement

	Results
	Discussion
	Findings and interpretations
	Comparison with previous studies
	Strength and limitations

	Conclusion
	References


