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Abstract

Objective: To develop and validate a pre-conception risk prediction index for severe maternal
morbidity (SMM), defined by the CDC as indicators of a life-threatening complication, among
infertile patients.

Design: Retrospective analysis of livebirths and stillbirths from 2007-2017 among infertile
women.

Setting: National commercial claims database.
Patients: Infertile women identified based on diagnosis, testing, or treatment codes.
Interventions: None

Main Outcome Measures: The primary outcome was SMM, identified as any indicator from
the CDC Index except blood transfusion alone which has been found to overestimate cases.
Twenty preconception comorbidities associated with risk of SMM were selected from prior
literature. Targeted ensemble learning methods were used to rank the importance of comorbidities
as potential risk factors for SMM. The independent strength of association between each
comorbidity and SMM was then used to define each comorbidity’s risk score.
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Results: Among 94,097 infertile women with a delivery, 2.3% (n=2,181) experienced an SMM
event. The highest risk of SMM was conferred by pulmonary hypertension, hematologic disorders,
renal disease, and cardiac disease. Associated significant risks were lowest for substance abuse
disorders, prior cesarean section, age > 40 years, gastrointestinal disease, anemia, mental health
disorders and asthma. The ROC-AUC for the developed comorbidity score was 0.66. Calibration
plots showed good concordance between predicted and actual risk of SMM.

Conclusion: We developed and validated an index to predict the probability of SMM in
patients with infertility based on preconception comorbidities. This tool may inform preconception
counseling of infertile women and support maternal health research initiatives.

Capsule:

Development and validation of a risk prediction index for severe maternal morbidity based
on preconception comorbidities among infertile patients. This tool may inform preconception
counseling of infertile women.

Keywords

severe maternal morbidity; infertility; preconception counseling

Introduction

Severe maternal morbidity (SMM) refers to a life-threatening diagnosis or the need to
undergo a potentially life-saving procedure in close proximity to birth (1). SMM continues
to be an issue of national and global concern and is associated with maternal mortality,
increased health care costs, and significant family burden (2, 3). While deaths attributed

to direct obstetric causes such as hemorrhage, infection and hypertensive disorders of
pregnancy have decreased, there has been a sharp increase in the United States in maternal
deaths due to indirect obstetric causes including complications related to chronic health
conditions (4). SMM, which serves as a proxy for maternal mortality, has several recognized
risk factors including age, co-morbid health conditions and infertility (5-7).

Infertility affects 15% of US women overall and 26% of women 40-44 years of age

(8) and the utilization of Assisted Reproductive Technology (ART) has also tripled since
1996 (9). There is substantial evidence that both short- and long-term health outcomes

of infertile women are poorer than among fertile women (10, 11). Infertile women who
succeed in conceiving face higher risks of adverse pregnancy outcomes including SMM
(12, 13). The goal of pre-pregnancy care is to reduce the risk of adverse health effects for
a woman and her neonate by providing education about healthy pregnhancy and addressing
modifiable risk factors (14). By nature of their inability to conceive, many infertile patients
have preconception clinical interactions that provide an opportunity to consider risks to

a woman’s health to inform her choices and medical care. Adverse pregnancy outcomes,
SMM and maternal mortality have been consistently associated with poor pre-pregnhancy
health (2, 4, 15, 16). Furthermore, individual comorbidities such as chronic hypertension
(17) and obesity (18, 19) have been associated with increased risk of maternal morbidity
in a dose-response fashion, but the interaction of multiple underlying health conditions
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and infertility on a woman’s risk of experiencing SMM is poorly understood. Currently,
no algorithm accounts for multiple contributing factors to help physicians counsel infertile
women on the health risks associated with carrying a pregnancy.

Obstetric comorbidity indices are used in the general obstetrics population but are primarily
designed to evaluate the risk of adverse pregnancy outcomes upon admission to labor and
delivery and are derived from nationally acquired samples of obstetric patients at low risk
for infertility (20, 21). Neither has considered pre-conception comorbidities together nor
studied them among infertile women, who are known to face higher risk of SMM than
fertile women (12). This increased risk for SMM among women with infertility is likely
multifactorial, due to beginning pregnancy at older ages and with more comorbidities than
fertile women, as well an independent association of infertility and increased risk of adverse
pregnancy outcomes, and therefore warrants analysis separate from the general obstetric
population (5, 6, 10-13). Furthermore, pregnancy-related conditions (in particular placental
disorders) rank high in these obstetric risk prediction indices, but are not informative for
preconception counseling. We hypothesized that the risk of SMM among infertile women
can be predicted and this can serve as a preconception physician counseling tool.

We analyzed livebirths and stillbirths among infertile women in the Optum® Clinformatics
DataMart from 2007-2017. Optum’s Clinformatics DataMart is derived from a database of
administrative health claims that are verified, adjudicated, adjusted and deidentified prior
to inclusion. 23% of the US population is covered by a plan included in CDM, and the
distribution of ethnicity and region is similar to the US population overall. Ethics approval
was obtained from the Stanford University Institutional Review Board. We followed

the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology)

and TRIPOD (Transparent Reporting of a Multivariable Prediction Model for Individual
Prognosis) statements in the reporting of our study (22).

Definition of Study Cohort

The study cohort was constructed by first identifying women in the database who underwent
a livebirth or stillbirth during the enrollment period using a previously developed method
for claims databases during 2007 to 2017 (23). The diagnosis and procedure codes used
to identify births have been previously described by our group(24). For the 20% of
patients who had more than one delivery during the enrollment period, only the first
delivery was included. Twin and higher order gestations were excluded because they are
associated with SMM but not known before conception. In the delivery cohort, patients
with infertility were then identified using a claims-based characterization that our group
has described and used in prior publications (10-12). In brief, the group of infertile
women was comprised of women receiving any of the following during enrollment: 1) an
infertility diagnosis, 2) fertility testing, or 3) fertility treatment. Women with an infertility
diagnosis were identified by 1CD-9/10 diagnosis codes detailed in Supplemental Table 1.
Fertility testing was identified through diagnosis codes (V26.21, Z31.41) or the presence
of a procedure code (CPT) for hysterosalpingogram (HSG) (74740). We included patients
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undergoing fertility testing with the understanding that they would already meet criteria

for an infertility diagnosis. However, physicians may use testing instead of diagnosis codes
for reimbursement purposes thus we sought to capture these women for inclusion in the
infertile group. Women receiving fertility treatment were identified by the presence of a CPT
code for intra-uterine artificial insemination (58322), follicular puncture for oocyte retrieval
(58970), or intrauterine embryo transfer (58974). The presence of a pharmacy claim for a
prescription for clomiphene citrate or a gonadotropin (Follicle Stimulating Hormone, FSH,
Human Menopausal Gonadotropin, HMG, Human Chorionic Gonadotropin, HCG) was also
used to identify women receiving fertility treatment.

Definition of Severe Maternal Morbidity

The primary outcome was SMM, identified by the CDC SMM Index of 21 indicators

and corresponding ICD-CM codes (Supplemental Table 2), except for blood transfusion
alone. Severe maternal morbidity excluding blood transfusion-only cases, which we refer to
hereafter as SMM, was studied as the primary outcome because blood transfusion is the only
indicator of SMM in approximately half of cases, suggesting that some transfusion-related
events may represent less severe forms of SMM. The CDC and others now commonly report
both forms of SMM (1, 20). As a secondary outcome, we looked at all SMM cases including
those in which blood transfusion was the only indicator, and have included these results as
supplementary information.

Selection of Comorbidities

Preconception comorbidities associated with risk of SMM were selected a prioribased on
relevant literature and available data (19, 21, 25-30). We used claims from 2006 through
2017, one year prior to the delivery cohort period, to identify the comorbidities. Women
were classified as having a preconception comorbidity if there was any claim specific

to the condition recorded prior to the delivery date. However, identification of anemia

and hematologic disorders was restricted to diagnoses on claims at least 6 months (187
days) before the delivery to ensure it was not associated with gestation. A total of 20
preconception comorbidities were included that have been associated with increased risk of
SMM in a general obstetrics population, as well as chronic conditions and diagnoses that are
prevalent among infertile women, including uterine fibroids, endometriosis and polycystic
ovarian syndrome. The ICD-CM diagnosis codes used to identify each predictor are detailed
in Supplemental Table 3.

Development of Comorbidity Index

We used a casual inference approach to rank the importance of comorbidities as potential
risk factors for SMM based on adjusted risk ratios (RR) and risk differences (RD) with

95% confidence intervals (Cl). Targeted ensemble learning methods previously used by

our group and others have been shown to produce more accurate and precise estimates

than conventional statistical approaches (24). Analyses were performed using the Varimpact
package in R Version 4.0.2 (https://github.com/ck37/varimpact). Performance of the index
was assessed by randomly selecting 75% of the cohort as training data, and validation was
assessed in the remaining 25% of the data. Four-fold cross-validation was also used in the
variable importance analysis.
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Comorbidities with significant P values (<0.05) were retained in the risk prediction index
after adjustment for multiple comparisons using the Benjamini-Hochberg false discovery
rate procedure (31). In brief, points were assigned to each comorbidity retained in the risk
prediction index by dividing the log of the risk ratio by the log of the smallest comorbidity
risk ratio. This approach results in a comorbidity assigned a score of 5 points as 5 times
“more important” in increasing the risk of SMM than a comorbidity assigned a score of 1
point. More detailed information on development of the comorbidity index is presented in a
prior publication (24).

Performance of the Comorbidity Index

Results

Discrimination and calibration of the risk prediction index was assessed to determine
accuracy. Discrimination was determined by plotting a receiver operator characteristic
(ROC) curve and calculating the area under the curve (AUC), using a ROC-AUC of 0.5

as baseline and a value of 1.0 for perfect discrimination. Precision-recall (P-R) curves were
also plotted, which show how the positive predictive value (precision) varies with the true
positive rate (recall). P-R curves are informative when predicting rare outcomes, which

can cause ROC statistics to be misleadingly high (32). We also assessed calibration of the
comorbidity scores using Lowess-smoothed and grouped visualizations comparing the actual
with the predicted risk of SMM in accordance with TRIPOD guidelines on prediction model
development (22).

Among 94,097 infertile women with a delivery, 91,916 (97.7%) did not experience an

SMM event and 2,181 (2.3%) experienced SMM. 3,027 (3.2%) experienced SMM including
transfusion-only events. The majority of women in the cohort were White and approximately
one-third of the cohort attained a bachelor degree or higher level of education (Table 1).
Preconception comorbidities varied in prevalence; the most common comorbidities among
infertile women without any SMM events were thyroid disease (16.1%), major mental

health disorder (14.9%) and age 40 years or older (13.8%). Among infertile women who
experienced SMM, the most common comorbidities were age 40 years or older (19.7%),
major mental health disorder (20.2%), uterine fibroids (17.9%), and thyroid disease (17.6%).
In both groups, the least common comorbidities were pulmonary hypertension (0.09% vs
1.2%, respectively), epilepsy (0.5% vs 1.0%, respectively), and substance use disorder (2.0%
vs 3.4%, respectively).

Variable importance analyses were performed in a training cohort (75% of full sample)

to identify the preconception comorbidities that conferred the highest risk of SMM. The
independent strength of association between each comorbidity and SMM outcome was

then used to define each comorbidity’s risk score. Comorbidity scores ranged from 1 to 7.
Patients received a total risk score ranging from 0 to 26 based on the presence or absence of
individual preconception diagnoses with a mean score of 1.7 and median score of 1. Among
patients who experienced an SMM event, the mean score was 3.3 and the median score was
2. Among patients who did not experience an SMM event, the mean score was 1.7 and the
median score was 1. Pulmonary hypertension, hematologic disorders, renal disease, cardiac
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disease and chronic hypertension conferred the highest risk of SMM (Table 2). Associated
significant risks were lowest for substance abuse disorders, prior cesarean section, age

> 40 years, gastrointestinal disease, anemia, mental health disorders and asthma. Certain
variables dropped out of the analysis due to small and inconsistent point estimates; these
preconception conditions included endometriosis, thyroid disease, and polycystic ovarian
syndrome. Comorbidity scores for the secondary outcome of SMM including cases with
blood transfusion as the only indicator are shown in Supplemental Table 4.

The discrimination of the comorbidity scores in prediction of SMM was assessed based
on ROC curves and corresponding AUC statistics (AUROC). As shown in Figure 1a, the
AUROC for SMM was 0.66. We further assessed discrimination of the model using P-R
curves because SMM and non-transfusion SMM are rare outcomes, which can skew the
ROC and AUROC to conflate the predictive ability of the model. The baseline value for
the PR ROC is 0.023 (the incidence of SMM). As shown in Figure 1b, the PR ROC for
SMM was 0.054. The shape of the PR curve indicates good detection of outcomes that
are strongly correlated with the outcome of interest. We also assessed calibration as a
goodness of fit; that is, to what extent the index correctly estimates absolute risk of SMM.
As shown in the calibration plot in Figure 2, the predicted values of the outcomes using
the comorbidity index scores were concordant with the actual values for the vast majority
of patients. In the small subset of patients with an actual risk of SMM between 5-10%, the
model over-estimated risk.

The risk prediction index was also applied to the secondary study outcome, SMM including
cases in which blood transfusion was the only indicator. Risk scores are shown in
Supplemental Table 4 and are overall similar. ROC and Precision-Recall curves for the
secondary outcome of SMM including cases with blood transfusion as the only indicator
are shown in Supplemental Figures 1a and 1b. The calibration plot in Supplemental

Figure 2 depicts that the prediction of SMM including blood transfusion was less
concordant with actual risk of these SMM events. The risk of blood transfusion is also
significantly influenced by conditions that develop during pregnancy such as placenta
accreta spectrum(33) that are not accounted for in our model, which includes only
preconception comorbidities.

Conclusion

We present a novel preconception risk prediction index for SMM among infertile patients
validated using commercial US claims data. In the absence of an absolute contraindication
to pregnancy, preconception counseling to date has focused on risks conferred by individual
comorbidities and is not tailored to the risks faced by infertile women. While it is known
that infertile women are older and more likely to have co-morbid conditions than their fertile
counterparts(6, 7, 12), the cumulative effect of individual comorbidities on the ultimate risk
of SMM among infertile women is not known. Our index improves on existing comorbidity
indices in two key aspects: 1) employing a preconception perspective to function as a
physician counseling tool and 2) focusing exclusively on infertile women, who are at
increased risk of SMM compared to the general obstetric population. (6, 12). In addition,
our index spans the breadth of conditions that contribute to SMM risk among infertile
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women, ranging from pulmonary hypertension, a very high risk condition in pregnancy(34),
to conditions such as uterine fibroids that confer less obstetric risk but are more prevalent
among infertile women(35). A risk index of this nature used prenatally not only allows for
counseling of infertile women, but may also allow for early and aggressive interventions that
may mitigate the final risk for SMM. Other aspects to be evaluated include clinical impact
such as utilization and interpretation of this tool by infertility physicians and economic
impact of decreasing SMM, which is associated with a significant financial burden(36).

Scores for several of the preconception comorbidities merit discussion. Pulmonary
hypertension, hematologic disorders, renal disease, chronic hypertension and cardiac disease
have been consistently associated with SMM(21, 24, 37). The diagnosis of uterine fibroids,
age 40 years or older, and prior uterine surgery, which are all more prevalent among infertile
women than fertile women, were associated with moderate risk scores for SMM. Increased
maternal age has been previously associated with increased SMM risk (18), however the
moderate risk score assigned to age alone suggests that comorbidities that develop with age,
such as chronic hypertension or cardiac disease, have a stronger influence on SMM risk
than age alone. Endometriosis, polycystic ovarian syndrome, and thyroid disease, although
appearing more frequently among infertile women than their fertile counterparts, had non-
significant or inconsistent associations with SMM.

The risk prediction index had comparative performance with existing obstetric comorbidity
indices(21, 24) with a ROC-AUC of 0.66. Calibration plots showed good concordance
between predicted and actual risk of SMM. The predictive performance of our index
underscores that antenatal conditions such as placental disorders also influence SMM risk.
Because the goal of this study was to create a preconception counseling tool, we did not
incorporate antenatal conditions that also modify SMM risk. Re-evaluation during SMM risk
during pregnancy, at which time plurality and the development of antenatal conditions can
be incorporated into the model, can further increase the accuracy of SMM risk prediction for
an individual patient.

There are several limitations of this study. We chose SMM as the outcome to test our
hypothesis because it is well-characterized, widely recognized as a measure to study
obstetric outcomes, and readily accessed using administrative data. Although SMM is 100
times more common than maternal death, it remains a rare outcome and individual SMM
indicators can be under- or over-reported as a result(20). In future studies we plan to expand
the index to include less severe but more common adverse obstetric outcomes as well as
neonatal outcomes. Utilizing insurance claims data has many advantages but also introduces
selection bias of the study population as a whole because only insured patients are included,
and due to the absence of linkage to a population-based registry, we are unable to distinguish
subject misidentification or loss of continuity. For example, details regarding infertility
diagnosis and treatment are not fully captured in insurance claims data and we do not have
access to information on treatment that occurred outside of insurance coverage or why an
individual patient changes or loses insurance coverage. In addition, the database may over
or under-estimate risk based on the homogeneity of the population. Our group has, however,
previously validated an obstetric risk prediction index using administrative claims data(24).
Inclusion of women undergoing fertility treatment is an additional limitation of the analysis
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as this is a heterogenous group that may not be infertile and there may be subsets that

are higher risk for SMM. Overall, however, we anticipate this would have resulted in an
underestimate of SMM incidence. In future versions of this analysis, we also plan to include
grouped claims to capture patients undergoing fertility treatment in states with mandated
coverage. Finally, while the population at risk for SMM is women who carry a pregnancy
beyond 20 weeks gestation, we recognize that not all women who seek preconception
counseling go on to have a viable pregnancy, and the health outcomes of these women is an
important area of research.

Categorization of comorbidities required us to group heterogeneous disorders, each of which
are independently associated with adverse maternal outcomes. For example, the severity of
endometriosis, the number and location of fibroids, and other medically relevant aspects

of infertility related conditions cannot be determined from claims data and mild cases of
these conditions can obscure effects caused by more serious disease. Infertility is also

a heterogenous group of disorders, and SMM risk may vary by infertility diagnosis. In
future studies, we aim to expand on heterogenous infertility diagnoses and comorbidities

to understand the varying SMM risk associated with individual disorders or varying SMM
risk based on the severity of individual comorbidities. Incorporating pharmacy information,
such the number and type of medications used to treat a specific comorbid condition, may
provide valuable information for both SMM risk stratification and patient counseling. These
subgroup analyses are currently limited by the rare nature of SMM events but can be
analyzed in larger datasets with more granularity. Granular information such as BMI are also
difficult to capture using insurance claims data. In future versions of this index we hope to
incorporate these additional covariates. The association between BMI and increased risk of
SMM, however, has been attributed to comorbidities and cesarean birth that are represented
independently in our model (27). Given the rare nature of SMM events, we were unable

to individualize SMM risk among patient with an infertility diagnosis versus those who
undergo fertility treatment. In future studies, we plan to utilize larger datasets to develop
more individualized risk scores.

Strengths of the study include the novel application of an obstetric comorbidity index to
an infertile population as a preconception counseling tool, the large size of our cohort
which enables analysis of rare outcomes, and rigorous statistical methodology in the
development and validation of the risk scores. We employed sophisticated causal inference
statistical analyses and assessed discrimination of the model using ROC and P-R curves as
recommended by the TRIPOD statement for prediction model development(22). We also
assessed calibration to determine if the predictions generated by the model are accurate.
The selection of preconception comorbidities built on our group’s experience with risk
prediction. The frequencies of the most common comorbidities included similar to those
reported elsewhere in literature(38—41). Finally, our goal for this project was to create an
objective tool for decision-making, given the preponderance of evidence that unconscious
bias based on race, ethnicity, class, etc. affect clinical care(42). Race has been consistently
associated with maternal morbidity and mortality, with black women facing a severalfold
higher risk of morbidity and mortality than any other race or ethnicity(43). Incorporating
race as an independent variable in a predictive algorithm, however, has the potential to
exacerbate racial inequities in care(44). To avoid the potential for race-based adjustments to
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deter clinicians from offering fertility treatments to women and amplifying disparities that
already exist(45), we opted to exclude race as an independent variable in the model.

In conclusion, this SMM risk prediction index can help clinicians provide more accurate
preconception counseling to infertile patients about their pregnancy risks and appropriate
plan of care. Quantifying the risk of SMM not only provides objective information but also
can facilitate the conversation between a physician and patient on treatment options that
optimize her health and support delivery of a healthy pregnancy (46). This tool can assist
both physicians and patients to navigate the complex decision-making process of fertility
treatment and empower patients and physicians to identify modifiable risk factors prior to
conception to decrease the risk of an adverse obstetric outcome.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure la:

Receiver operating characteristic (ROC) curve for expanded comorbidity index in predicting
SMM excluding transfusion-only cases (AUC=0.66). Assessed using validation set of births,
n =23,525.
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Figure 1b.

Precision recall (PR) curve for expanded comorbidity index in predicting SMM excluding
transfusion-only cases (PR-ROC=0.054). Assessed using validation set of births, n = 23,525.
Baseline of 0.023 (proportion of women with SMM.)
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Figure 2.

Calibration plot of preconception comorbidity index in predicting SMM excluding
transfusion-only cases. Assessed using validation set of births, n = 23,525. Density plot
below calibration curve shows distribution of the sample across predicted risks.
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Descriptive characteristics of the study population, patients with singleton live birth and history of infertility,
2006-2017 (N = 94,097)

Infertile patients with delivery and no Infertile patients with delivery and
SMM” event any SMM™ event
N=91.916 N=2.181
Maternal Age (years) Mean (SD) 34.2 (4.8) 35.2(5.2)
Year of Delivery %
2007-2008 16.7 16.9
2009-2011 26.7 27.7
2012-2014 26.9 22.6
2015-2017 29.7 329
Maternal Race %
Asian 125 8.5
Black 7.8 12.7
Hispanic 10.7 10.3
White 69.0 68.6
Highest Education %
High School Diploma or less 15.0 17.4
< Bachelor Degree 49.3 52.6
> Bachelor Degree 35.8 30.0
Maternal age = 40 13.8 19.7
Preconception anemia 8.7 12.8
Asthma 6.4 8.9
Cardiac disease 5.4 14.6
Chronic hypertension 6.7 16.5
Chronic renal disease 14 3.6
Connective tissue disease 1.7 3.7
Diabetes mellitus 4.6 7.8
Endometriosis 6.2 7.8
Epilepsy 0.5 1.0
Gastrointestinal disease 10.7 16.1
Hematologic disorder 17 4.9
Mental health disorder 149 20.2
Polycystic ovarian syndrome 12.9 125
Prior cesarean delivery 5.8 9.5
Prior uterine surgery (non-cesarean) 5.0 9.2
Pulmonary hypertension 0.09 1.2
Substance abuse disorder 2.0 3.4
Thyroid disease 16.1 17.6
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Infertile patients with delivery and no Infertile patients with delivery and
SMM” event any SMM™ event
N=91.916 N=2.181
Uterine fibroids 10.4 17.9

SMM, severe maternal morbidity

*
Excluding cases with blood transfusion as the only SMM indicator
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Associations and derived risk scores for comorbidities in relation to non-transfusion severe maternal morbidity
(using training set of births, n = 70,572)

Risk factor for SMM” Rate of SMM”™ (9%6) | CrudeRR | 4rR™ (9506 CI) | Risk Score
Pulmonary Hypertension 21.4 11.5(6.9-19.2) 4.8 (4.5-5.2) 7
Hematologic Disorder 7.0 3.3(2.6-4.1) 29(2.5-3.4) 5
Chronic Renal Disease 6.1 2.8(2.1-3.7) 1.9(1.7-2.2) 3
Cardiac Disease 59 2.9(25-3.3) 23 (2.0-2.7 4
Chronic Hypertension 5.4 2.7(2.3-3.1) 2.4(2.1-2.7) 4
Connective Tissue Disease 4.6 2.1(1.6-2.7) 15(1.2-1.8) 2
Prior Uterine Surgery (Non-Cesarean) 4.4 2.0(1.7-2.4) 1.6 (1.4-1.9) 2
Epilepsy 41 1.8 (1.1-3.1) 1.5 (1.3-1.7) 2
Uterine Fibroids 4.0 1.9 (1.7-2.1) 1.6 (1.4-1.9) 2
Diabetes Mellitus 3.6 1.6 (1.3-2.0) 1.4 (1.2-1.8) 2
Substance Use Disorder 3.9 1.7 (1.3-2.2) 1.4 (1.1-1.7) 1
Prior Cesarean Delivery 3.7 1.7 (1.4-2.0) 1.3 (1.1-1.6) 1
Age 40 Years or Older 34 1.6 (1.4-1.8) 1.4 (1.2-1.6) 1
Gastrointestinal Disease 3.4 1.6 (1.4-1.8) 1.3(1.2-1.6) 1
Preconception anemia 3.3 1.5(1.3-1.7) 1.2 (1.1-1.5) 1
Major Mental Health Disorder 3.2 1.5(1.3-1.6) 1.3(1.1-1.4) 1
Asthma 3.1 1.4 (1.2-1.7) 1.3 (1.1-15) 1
Endometriosis 31 1.4 (1.2-1.6) NS NS
Thyroid disease 2.6 1.1 (0.99-1.3) NS NS
Polycystic Ovarian Syndrome 2.2 0.96 (0.8-1.1) NS NS

SMM, severe maternal morbidity; aRR, adjusted risk ratio

Excluding cases with blood transfusion as the only SMM indicator

HA
Adjusted for delivery year and other comorbidities using data-adaptive algorithms
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