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Postpartum readmissions (PPRs) represent a critical marker of maternal morbidity after hospital childbirth.Most
severe maternal morbidity (SMM) events result in a hospital admission, but most PPRs do not have evidence of
SMM. Little is known about PPR and SMM beyond the first 6 weeks postpartum. We examined the associations
of maternal demographic and clinical factors with PPR within 12 months postpartum. We categorized PPR as
being with or without evidence of SMM to assess whether risk factors and timing differed. Using the Oregon
All Payer All Claims database, we analyzed hospital births from 2012–2017. We used log-binomial regression to
estimate associations between maternal factors and PPR. Our final analytical sample included 158,653 births.
Overall, 2.6% (n = 4,141) of births involved at least 1 readmission within 12 months postpartum (808 (19.5%
of PPRs) with SMM). SMM at delivery was the strongest risk factor for PPR with SMM (risk ratio (RR) = 5.55,
95% confidence interval (CI): 4.14, 7.44). PPR without SMM had numerous risk factors, including any mental
health diagnosis (RR = 2.10, 95% CI: 1.91, 2.30), chronic hypertension (RR = 2.17, 95% CI: 1.85, 2.55), and
prepregnancy diabetes (RR = 2.85, 95% CI: 2.47, 3.30), all which were on par with SMM at delivery (RR = 1.89,
95% CI: 1.49, 2.40).

maternal morbidity; postpartum readmissions

Abbreviations: APAC, All Payer All Claims; CDC, Centers for Disease Control and Prevention; CI, confidence interval; ICD-9,
International Classification of Diseases, Ninth Revision; ICD-10, International Classification of Diseases, Tenth Revision; PPR,
postpartum readmission; RR, risk ratio; SMM, severe maternal morbidity.

Maternal mortality is a critical marker of population health
(1). To address the maternal mortality crisis in the United
States (2, 3), researchers and policy-makers have refocused
on a critical and understudied driver of maternal mortality—
severe maternal morbidity (SMM). SMM is a sentinel event
defined by a composite index of acutely severe health events
that indicate a serious maternal health condition, such as
acute respiratory distress syndrome or acute renal failure (4).
SMM can occur prenatally, but most SMM events occur dur-
ing or after birth (5). Approximately 50% of maternal deaths
(6) and 15% of SMM (7) happen in the postpartum period,
making postpartum health and care a national priority (8, 9).

Postpartum readmission (PPR) represents an important
but understudied marker of SMM and other forms of mater-
nal morbidity. Nearly all SMM events arising postpartum
result in hospital readmission (10, 11). However, PPRs with-

out SMM, which occur more frequently than PPRs with
SMM, indicate medical complexity and may represent
dimensions of maternal morbidity that have not yet been
characterized (12).

Numbers of PPRs occurring within the first 6 weeks post-
partum have increased steadily in the United States (12) and
are disproportionately concentrated within low-income pop-
ulations. Medicaid recipients are up to 24% more likely to
be readmitted and to experience SMM during readmission
(12–14). However, we lack detailed information on PPR and
its drivers. Previous studies of PPR have been limited by
being conducted in single care settings (inpatient data as
opposed to outpatient or emergency department data) (15) or
having follow-up within a single calendar year (12, 14–19),
or being carried out in a single-payer (e.g., Medicaid) (20,
21) or single-hospital (22) system. Evaluating PPR beyond
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the first 6 weeks postpartum is essential: 25% of maternal
mortality occurs outside the traditional 6-week postpartum
window (6).

While it is well established that maternal morbidity and
mortality occur throughout the first year postpartum, little
is known about maternal morbidity that occurs after the
first 6 weeks postpartum (9, 10). However, knowledge is
sorely lacking regarding PPR during the entire first year
postpartum, including timing and drivers of SMM and PPR
that results from other maternal factors (whether physical
health conditions, mental health conditions, or social fac-
tors). It is possible that PPR without evidence of SMM has
overlapping risk factors besides those for PPR with SMM, or
that the drivers might differ. We do know that PPR without
SMM is more prevalent than PPR with SMM (23, 24) and
is associated with nonclinical risk factors, such as access to
preventive care through expanded access to insurance cov-
erage (25, 26). An improved understanding of who is most
likely to experience PPR, both with and without SMM,
would help in identifying interventions to improve maternal
health. A deeper understanding of when PPR occurs up to 1
year postpartum can also inform recommendations for clin-
ical care, policy (e.g., insurance coverage policy), and other
social supports that people may require after experiencing
pregnancy.

We assessed and compared the associations of demo-
graphic, clinical, and health-insurance–related factors with
PPR, by SMM status and timing of PPR. We used Oregon’s
All Payer All Claims (APAC) database, which included
continuous enrollment of all individuals in the state across
calendar years (including prenatal, delivery, and postpartum
health care) in all care settings, regardless of type of health
insurance. We hypothesized that factors associated with PPR
would differ depending on the presence or absence of SMM
and would differ according to the timing of PPR in the year
after childbirth.

METHODS

Data source

We used Oregon APAC data from 2011–2018 (27). The
APAC Reporting Program collects medical and pharmacy
claims, insurance enrollment data, and demographic infor-
mation from commercial health insurance plans that cover at
least 5,000 people and Medicaid across the state of Oregon.
Each person has a unique, deidentified person key allow-
ing linkage of medical claims, demographic information,
and enrollment data. Overall, APAC covers 3.4–3.9 million
people per year, approximately 87%–98% of the Oregon
population (28).

The study was approved by the institutional review board
of Oregon Health & Science University. To avoid loss of
privacy or confidentiality, we suppressed cell sizes of less
than 11 cases.

Study population

Our analytical population included persons between 15
and 44 years of age with evidence of a hospital live birth
in medical claims data. Births were identified using a pre-

viously published algorithm (29) and codes identified by
the American College of Obstetricians and Gynecologists
(30, 31). We included deliveries occurring from January 1,
2012, to December 31, 2017. Our inclusion criteria allowed
for 12 months of data prior to delivery in order to identify
comorbidity in the prenatal and preconception periods. We
did not require continuous enrollment in the prenatal period.

The follow-up period for our analyses was 12 months
postpartum. In order to not equate lack of health insurance
enrollment (resulting in no recorded health-care claims) with
the absence of PPR in the follow-up period, we further
restricted our analytical population to individuals with at
least 11 months of insurance enrollment postpartum. The
insurance enrollment data were reported on the person-key,
health insurance type (Medicaid or commercial insurance),
and calendar month level. We required at least 11 of 12 cal-
endar months of any type of insurance enrollment postpar-
tum. Our criteria allowed people to have either commercial
insurance, Medicaid coverage, or a mix of insurance plans in
the postpartum period. This represents a distinct advantage
of an all-payers database over single-payer databases, given
that insurance discontinuities and changes are very common
during the postpartum period in the United States (26, 32).
We conducted a sensitivity analysis to examine how the
deliveries excluded due to lack of insurance enrollment
differed from the final analytical population.

Study variables: outcomes

Our primary outcome was PPR, which we identified using
a quality metric method from the Oregon Health Authority.
The method includes a wide range of metrics, including
hospital readmissions (33). We were primarily interested
in de novo readmissions separate from admissions directly
related to the index childbirth. Therefore, we did not classify
inpatient stays during the follow-up period for a transfer of
the index birth to another hospital or a subsequent birth as
a readmission. To ensure that we did not capture transfers
as readmissions, we required at least 1 full day between the
index birth and the subsequent readmission. Our outcome
measure included inpatient readmissions occurring from 1
day to 1 year after delivery discharge and was based on
the hospital admission date. While it is possible for birthing
people to be readmitted multiple times to a hospital, we only
considered the first readmission in our outcome measure.

We were also interested in how PPR may differ according
to the presence or absence of SMM diagnosed at readmis-
sion. Therefore, we classified each readmission as with or
without evidence of SMM. We identified SMM at readmis-
sion as containing at least 1 of the International Classifi-
cation of Diseases, Ninth Revision (ICD-9) or International
Classification of Diseases, Tenth Revision (ICD-10) diag-
noses or procedure codes for SMM as defined by the Centers
for Disease Control and Prevention (CDC) (34). Knowledge
about which SMM-defining conditions are most common at
delivery hospitalization versus at readmission is currently
lacking. Therefore, we assessed the frequency of all of the
specific SMM indicators at childbirth hospital admissions
as compared with PPRs. The 21 comorbidity indicators
included in the CDC definition are not mutually exclusive,
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meaning that 1 hospital encounter could have more than
1 SMM indicator. In accordance with the CDC index, the
measure most commonly used in SMM surveillance, we
included blood transfusion in our definition of SMM. The
transfusion of blood products is commonly considered a
proxy measure for obstetrical hemorrhage but can be indi-
cated for non–SMM-defining conditions.

To understand whether drivers of PPR within the tra-
ditional postpartum period (i.e., 6 weeks after childbirth)
differed from drivers of PPR after the traditional postpartum
period, we further classified PPR by timing. Our timing
categories included 1) the traditional postpartum period (first
6 weeks after hospital delivery) and 2) the extended postpar-
tum period (after the traditional postpartum period and up
to 12 months postpartum (7–52 weeks)). For analyses, we
categorized outcome measures by both the presence of SMM
and the timing of PPR. For example, for PPR with evidence
of SMM, the outcome measure had 3 mutually exclusive
categories: no readmissions (reference), PPR with evidence
of SMM in the traditional postpartum period (≤6 weeks),
and PPR with evidence of SMM in the extended postpartum
period (7–52 weeks). Among birthing people with multiple
PPRs, we classified their PPR as occurring in the traditional
postpartum period if the first PPR occurred during the first
6 weeks postpartum.

Study variables: predictors of PPR and SMM

Many factors are potentially associated with PPR, with
and without SMM. To assess these associations, we included
demographic factors, clinical factors, and type of health
insurance as covariates based on our conceptual model and
data availability. Demographic factors included maternal age
(15–19, 20–24, 25–29, 30–34, or ≥40 years) and mater-
nal residential rurality. A rurality indicator was based on
Rural-Urban Commuting Area Code categories assigned
to residential zip codes (35). If information on maternal
residential rurality was missing, we classified the value as
missing and did not drop the observation from our anal-
ysis. In other words, residence was coded as one of 3
categories: urban, rural, or missing. Zip code was missing
for 3 observations in our database. In our database, infor-
mation on maternal race/ethnicity was missing for nearly
50% of births. Given the high rate of missing data, we
did not include maternal race/ethnicity in our analyses. In
addition, we included type of health insurance (Medicaid
or commercial) at birth. To obtain information on insurance
type at birth, we linked the enrollment calendar month to
the calendar birth month. In rare cases, people did have
both Medicaid and commercial insurance during the birth
month. In those instances, we prioritized Medicaid insur-
ance.

Delivery-related covariates included mode of delivery
(cesarean vs. vaginal birth), extended delivery length of stay
(categorized as lengths of stay >90th percentile by mode
of delivery) (36), and SMM at delivery. We included SMM
at delivery as a covariate given the limited and emerging
research on repeat SMM rehospitalization (23). We identi-
fied SMM at delivery using the same method as that noted
above.

Finally, we examined the following morbid conditions:
prepregnancy diabetes, gestational diabetes, hypertensive
disorders of pregnancy (chronic hypertension, gestational
hypertension, eclampsia/preeclampsia, and preeclampsia
superimposed on chronic hypertension), substance use dis-
orders, and mental health diagnoses. All comorbid condi-
tions were identified as the presence of 1 or more ICD-9/
ICD-10 diagnosis codes from 12 months prior to delivery
admission through the delivery discharge date. The diagno-
sis codes could appear on any health-care encounter in our
database, including outpatient and inpatient encounters. The
relevant codes for each comorbid condition are listed in Web
Table 1 (available at https://doi.org/10.1093/aje/kwac183).
For mental health diagnoses, we created a binary indicator
for any mental health condition. In addition, we created
binary indicators for mental health diagnosis categories
(depression (major depressive disorder classified under seri-
ous mental illness), anxiety, serious mental illness, or other).

Statistical analysis

We used multiple approaches to estimate associations
between maternal factors and PPR, with and without SMM.
First, we conducted bivariate analyses of each covariate by
readmission status (any readmission within 12 months post-
partum as compared with no readmission) and SMM status
(readmission with SMM and readmission without SMM).

Next, we compared the frequency of SMM-defining con-
ditions during birth hospitalizations and during readmis-
sions. We used standardized differences to evaluate the
comparability of each SMM comorbidity indicator during
the birth hospitalization and during readmissions (37). Stan-
dardized differences are independent of sample size and rep-
resent a measure of the mean difference for a given covariate
between 2 groups. We report the standardized differences
as absolute values. To maintain subjects’ confidentiality,
we do not report the count or percentage or calculate the
standardized difference for any SMM comorbidity indicator
with a cell size less than 11.

To estimate the unadjusted cumulative incidence ratio
(risk ratio (RR)) for the association between each factor and
our primary outcome (PPR with and without SMM), we
utilized log-binomial regression to estimate the multivari-
able adjusted RR for each predictor. We identified potential
confounders for each predictor of PPR and SMM through
the process of creating causal diagrams (directed acyclic
graphs) (38). This process of confounder identification is
based on prespecified assumptions and a priori knowledge
about how variables are connected and the temporal relation-
ships between them (39). Therefore, the multivariable model
for each predictor is parsimonious and only contains con-
founders specific to the individual predictor being studied,
as identified by our directed acyclic graphs.

Many of our predictors have complex causal associations
with PPR and SMM that have yet to be fully explored in the
scientific literature. For instance, cesarean delivery is most
commonly considered a mediator (and thus should generally
not be adjusted for), and in recent work investigators have
studied the mediating role of cesarean delivery as it relates
to the outcome of SMM (40). This framework applies when
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Excluded Records

Implausible interdelivery intervals (<180 days 

between delivery discharge and subsequent 

delivery admission) (n = 846)

Maternal age outside of range 15–44 years (n = 28) 

Lack of continuous postpartum insurance 

enrollment (11 of 12 months of any postpartum 

insurance enrollment) (n = 43,592) 

Lack of 12 months of pre- or postbirth data

(n = 35,210)

Births in Oregon Hospitals Identified in the All-

Payers All Claims Database, 2011–2018

(n = 238,329) 

Final Analytical Sample of Births

Occurring in Oregon Hospitals, 2012–2017 

(n = 158,653) 

Figure 1. Selection of participants for a study of postpartum readmissions among Oregon hospital births, 2012–2017.

considering a prenatal exposure (e.g., body mass index) and
postpartum outcome. It underlies our decision to refrain
from controlling for cesarean birth in most models, given
that a majority of our predictors also precede birth (e.g.,
insurance type, maternal residential location, hypertensive
disorders of pregnancy, diabetes, substance use disorder,
and mental health conditions). The exception is extended
delivery length of stay, which occurs after birth. For this
variable, cesarean birth is plausibly a confounder, and thus
we controlled for it.

In addition to PPR with and without SMM (dichotomous
outcome measures), we assessed the timing of PPR by creat-
ing categorical outcome variables differentiating PPR within
the traditional postpartum period (≤6 weeks postpartum)
and PPR in the extended postpartum period (7–52 weeks
postpartum). Given that our outcome variables for assess-
ment of PPR timing were categorical rather than dichoto-
mous, we conducted log multinomial regression (41). This
method is an adaption of the log-binomial regression model
for categorical outcome measures. We adjusted each factor
for the same confounders as those included in the multi-
variate log-binomial regression models described above. We
report the adjusted RRs and 95% confidence intervals (CIs)
for all models.

To understand the impact of our a priori health insur-
ance enrollment inclusion criterion (at least 11 months of
postpartum insurance enrollment), we conducted a bivariate
analysis comparing the excluded population with the final
analytical sample. We compared demographic characteris-
tics, clinical factors, and health insurance type across groups
using Pearson’s χ2 test. Finally, we assessed the robustness
of our results by conducting 2 sensitivity analyses. First, we
assessed whether shortening our continuous enrollment cri-
terion to 60 days and assessing readmissions within 60 days
meaningfully changed any associations. Next, we removed
transfusion of blood products from our SMM definition.
Blood transfusion by itself has the lowest clinical validity

as a marker for SMM (36, 41). The transfusion of blood
products is often used as a proxy measure for obstetrical
hemorrhage, but blood transfusion could be indicated for a
variety of non–SMM-defining conditions, such as chronic
anemia or hemoglobinopathy without crisis. We assessed
whether the associations between covariates and PPR with
and without evidence of SMM changed when we removed
transfusion of blood products from the SMM definition both
at birth and during PPR. All other modeling specifications
remained the same as in our primary modeling approach.

For statistical comparisons, we used 2-sided tests with a
0.05 α level. All analyses were completed with R statistical
software, version 4.01 (R Foundation for Statistical Comput-
ing, Vienna, Austria).

RESULTS

We identified 238,329 Oregon hospital births from the
period 2012–2017. We excluded 846 births (0.4%) because
of implausible interdelivery intervals, 28 births (0.01%) that
did not meet our maternal age criterion (15–44 years), and
43,592 births (18.3%) that did not meet our continuous
postpartum insurance enrollment criterion, leaving 158,653
hospital births for analysis (Figure 1). Overall, birthing peo-
ple in 2.6% (n = 4,141) of births had at least 1 PPR within
12 months (Table 1). Deliveries with any PPR were more
likely to have Medicaid insurance at delivery (73.0% vs.
59.2%; P < 0.001), cesarean delivery (36.8% vs. 28.2%;
P < 0.001), any hypertensive disorder of pregnancy (17.3%
vs. 9.5%; P < 0.001), any SUD diagnosis (13.0% vs. 5.9%;
P < 0.001), and any mental health diagnosis (14.0% vs.
7.3%; P < 0.001).

Among readmissions, 19.5% (n = 808) had evidence of
SMM. Among PPRs with evidence of SMM (Table 2), the
top indicators included sepsis (41.8%), acute renal failure
(11.1%), adult respiratory distress syndrome (11.3%), and
transfusion of blood products (9.3%). In contrast, the top
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Table 2. Indicatorsa of Severe Maternal Morbidity (CDC Definition) During Delivery Hospitalization and Postpartum Readmission for Oregon
Hospital Births (n = 158,653), 2012–2017

Births With
Evidence of SMM

(n = 1,365)

Postpartum Readmission
With Evidence of SMM

(n = 808)SMM Indicator

No. % No. %

Standardized
Differenceb

Acute myocardial infarction <11 22 2.7

Aneurysm <11 <11

Acute renal failure 119 8.7 90 11.1 8.1

Adult respiratory distress syndrome 93 6.8 91 11.3 15.6

Amniotic f luid embolism <11 <11

Cardiac arrest/ventricular fibrillation <11 <11

Conversion of cardiac rhythm <11 <11

Disseminated intravascular coagulation 202 14.8 20 2.5 45.0

Eclampsia 205 15.0 49 6.1 29.5

Heart failure/arrest during surgery or procedure 11 0.8 <11

Puerperal cerebrovascular disorders 33 2.4 55 6.8 21.0

Pulmonary edema/acute heart failure 35 2.6 70 8.7 26.7

Severe anesthesia complications 14 1.0 <11

Sepsis 74 5.4 338 41.8 94.9

Shock 100 7.3 63 7.8 1.8

Sickle cell disease with crisis <11 <11

Air and thrombotic embolism 31 2.3 71 8.8 28.8

Blood products transfusion 575 42.1 75 9.3 81.1

Hysterectomy 80 5.9 75 9.3 13.0

Temporary tracheostomy <11 <11

Ventilation 28 2.1 33 4.1 11.8

Abbreviations: CDC, Centers for Disease Control and Prevention; SMM, severe maternal morbidity.
a SMM indicators are not mutually exclusive, meaning that 1 person could have evidence of multiple comorbidity indicators; therefore, the

percentages will not add to 100%. For any cell counts less than 11, we suppressed percentages and did not calculate standardized differences.
b An absolute standardized difference less than 10 may be indicative of a negligible difference in the prevalence of the SMM indicator between

births with evidence of SMM and readmissions with evidence of SMM.

SMM indicators during delivery were transfusion of blood
products (42.1%), eclampsia (15.0%), and disseminated
intravascular coagulation (14.8%). Of the top indicators, the
standardized difference effect sizes indicate nonnegligible
differences in prevalences between SMM diagnosed at
childbirth hospitalization and SMM diagnosed at PPR, with
the exception of acute renal failure.

The strongest risk factor for PPR with SMM was SMM
at delivery (RR = 5.55, 95% CI: 4.14, 7.44; Figure 2, Web
Table 2). SMM at delivery was also associated with an
increased risk of PPR without SMM (RR = 1.89, 95% CI:
1.49, 2.40) but was not the strongest risk factor. We found
that PPR without SMM had numerous factors with measures
of association on par with SMM at delivery, including any
mental health diagnosis (RR = 2.10, 95% CI: 1.91, 2.30),
substance use disorder (excluding cannabis) (RR = 2.01,
95% CI:1.80, 2.24), chronic hypertension (RR = 2.17, 95%
CI: 1.85, 2.55), and prepregnancy diabetes (RR = 2.85, 95%
CI: 2.47, 3.30).

When considering the timing of PPR, a modestly higher
proportion of PPR with SMM occurred during the traditional
postpartum period (n = 352; 43.6%) as compared with PPR
without SMM (n = 1,259; 37.8%). SMM at delivery was
the strongest risk factor for PPR with SMM in the tradi-
tional postpartum period (RR = 8.03, 95% CI: 5.49, 11.75;
Table 3), followed by preclampsia/eclampsia (RR = 4.49,
95% CI: 3.07, 6.58). For PPR without SMM, chronic hyper-
tension was the strongest risk factor in the traditional post-
partum period (RR = 2.70, 95% CI: 2.12, 3.44) but not in
the extended postpartum period (RR = 1.88, 95% CI: 1.51,
2.33). In addition, any mental health diagnosis (RR = 2.46,
95% CI: 2.19, 2.75) and prepregnancy diabetes (RR = 3.14,
95% CI: 2.63, 3.76) were among the strongest risk factors
for PPR without SMM in the extended postpartum period.

Finally, our comparison of demographic and clinical char-
acteristics of the excluded population (people with less than
11 months of postpartum insurance coverage) showed some
key differences (Web Table 3). We found that the excluded
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Adjusted Risk Ratio 

Substance use disorder  
Mental health diagnoses

Rural maternal residential location

Characteristic

Hypertensive disorders of pregnancy
Any hypertensive disorder of pregnancy
Gestational diabetes
Prepregnancy diabetes
SMM at delivery
Extended delivery length of stay
Cesarean delivery

Medicaid insurance at delivery

Maternal age, years

0.5 1.0

Chronic hypertension
Gestational hypertension
Preeclampsia/eclampsia
Superimposed

Any diagnosis
Depressive
Anxiety
Serious mental illness
Other

aRR (95% CI)

1.27 (0.97, 1.68)
0.93 (0.76, 1.14)
0.85 (0.70, 1.03)
1.11 (0.89, 1.38)
1.33 (0.93, 1.92)

1.15 (0.99, 1.32)

2.06 (1.73, 2.45)

1.49 (1.29, 1.72)
1.87 (1.60, 2.18)
5.55 (4.14, 7.44)
2.84 (2.12, 3.82)
1.03 (0.81, 1.31)
2.26 (1.90, 2.69)

2.76 (2.05, 3.72)
1.72 (1.29, 2.30)
2.91 (2.15, 3.93)
1.96 (1.23, 3.12)
2.72 (2.23, 3.31)

1.50 (1.20, 1.87)
2.06 (1.37, 3.09)
1.48 (1.07, 2.04)
1.27 (0.88, 1.83)
1.69 (1.08, 2.63)

8.04.02.0

A)

15–19
20–24 
30–34 
35–39 
≥40

Figure 2 Continues

population was younger (32.3% were aged 15–24 years as
compared with 27.9% in the analytical sample; P < 0.001)
and more likely to have Medicaid insurance at the time of
the birth (67.9% vs. 59.6%; P < 0.001). When shortening
our continuous enrollment criteria to 60 days and assess-
ing readmissions within 60 days, we found that Medicaid
insurance at delivery (RR = 1.11, 95% CI: 0.99, 1.24) and
gestational diabetes (RR = 1.14, 95% CI: 0.97, 1.34) were no
longer statistically significantly associated with PPR without
evidence of SMM (Web Table 4). Further, we observed that
the association between any mental health diagnosis and
PPR with evidence of SMM (RR = 1.36, 95% CI: 1.00,
1.86) was no longer statistically significant. When excluding
transfusion of blood products from our SMM definition, we
did not observe meaningful differences between covariates
and PPR with and without SMM (Web Table 5).

DISCUSSION

Working with a database that covered all hospital births in
a state spanning an 8-year period and across health insurance
types, we examined the frequency, timing, and drivers of
PPR with and without SMM. Our findings add nuance to
what is known about both PPR and SMM. We found that
birthing people with evidence of any SMM indicator at
delivery were 5 times more likely to be rehospitalized for any
SMM within 12 months postpartum compared with birthing
people without evidence of SMM at delivery. We also found
that SMM at delivery was driven by transfusion of blood
products, whereas SMM during readmission was driven by
sepsis.

The associations between maternal factors and postpar-
tum health outcomes are complex, and our study sheds
light on associations between PPR, SMM, and their overlap.
We found further evidence of a strong association between
SMM at childbirth and rehospitalization for SMM. Prevent-
ing birthing people from experiencing this life-threatening
outcome more than once in the perinatal period should be a
high priority. Our findings show that SMM rehospitalization
is more likely to occur in the traditional postpartum period,
with an 8-fold higher risk for those with SMM at delivery.
Our association, while indicating a very high risk for SMM
rehospitalization, is less pronounced than recent findings
from a commercially insured population that found SMM at
delivery led to a 12-fold higher risk of rehospitalization (42).
Yet SMM at delivery still poses a risk for PPR with SMM up
to 12 months postpartum. The risk of rehospitalization past
the first 6 weeks is more than 3 times higher for birthing
people with SMM at delivery than without. Our sensitivity
analysis that removed transfusions of blood products from
the SMM definition only modestly attenuated the risk for
SMM rehospitalization and did not change our conclusions.
In future research, investigators should examine the role of
postpartum preventive care in reducing SMM rehospitaliza-
tion, particularly the timing and frequency of outpatient care.

We also found that the prevalence of SMM-defining con-
ditions differed if SMM was diagnosed at childbirth versus at
readmission. The most common SMM indicator diagnosed
at childbirth was transfusion of blood products (42.1%),
followed by disseminated intravascular coagulation and
eclampsia. None of these were among the most common
SMM-defining conditions diagnosed at readmission; sepsis
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Adjusted Risk Ratio 

Substance use disorder  
Mental health diagnoses

Rural maternal residential location

Characteristic

Hypertensive disorders of pregnancy
Any hypertensive disorder of pregnancy
Gestational diabetes
Prepregnancy diabetes
SMM at delivery
Extended delivery length of stay
Cesarean delivery

Medicaid insurance at delivery

Maternal age, years

0.5 1.0 2.0 4.0

15–19
20–24 
30–34 
35–39 
≥40

Chronic hypertension
Gestational hypertension
Preeclampsia/eclampsia
Superimposed

Any diagnosis
Depressive
Anxiety
Serious mental illness
Other

aRR (95% CI)

1.58 (1.40, 1.79)
1.15 (1.05, 1.26)
0.86 (0.79, 0.95)
0.91 (0.81, 1.02)
1.00 (0.82, 1.23)

1.05 (0.97, 1.12)

1.56 (1.43, 1.69)

1.38 (1.28, 1.48)
1.45 (1.34, 1.57)
1.89 (1.49, 2.40)
2.85 (2.47, 3.30)
1.31 (1.17, 1.46)
1.83 (1.68, 2.01)

2.17 (1.85, 2.55)
1.29 (1.10, 1.51)
1.97 (1.66, 2.34)
2.68 (2.23, 3.22)
1.91 (1.72, 2.12)

2.10 (1.91, 2.30)
2.14 (1.78, 2.58)
2.02 (1.77, 2.31)
2.37 (2.08, 2.69)
2.74 (2.33, 3.23)

8.0

B)

Figure 2. Adjusted risk ratios (aRRs) for postpartum readmissions with evidence of severe maternal morbidity (SMM) (A) and postpartum
readmissions without evidence of SMM (B) among Oregon hospital births (n = 158,653), 2012–2017. The reference category for maternal age
was 25–29 years. The model for maternal residential location (MRL) adjusted for maternal age; the reference location was urban. The model for
type of health insurance at delivery adjusted for maternal age, MRL, any substance use disorder (SUD), and any mental health (MH) diagnosis;
the reference category was commercial insurance. The model for mode of delivery adjusted for maternal age, MRL, insurance type at delivery,
any SUD, any MH diagnosis, any diabetes, and any hypertensive disorders of pregnancy (HDP); the reference category was vaginal delivery.
The model for extended length of stay adjusted for maternal age, MRL, insurance type at delivery, any SUD, any MH diagnosis, any diabetes,
HDP, and mode of delivery; the reference category was no. The model for SMM at delivery adjusted for maternal age, MRL, insurance type
at delivery, any diabetes, and HDP; the reference category for this and all following categories was no evidence. The model for prepregnancy
diabetes/gestational diabetes adjusted for maternal age, MRL, any SUD, and any MH diagnosis; the model for HDP adjusted for maternal age,
MRL, any SUD, and any MH diagnosis; the model for SUD adjusted for maternal age, MRL, and any MH diagnosis; and the model for MH
diagnoses adjusted for maternal age and MRL. Bars, 95% confidence intervals (CIs).

was the most common (41.8%). This demonstrates that the
profile of maternal morbidity occurring at PPR cannot be
assumed to reflect morbidity occurring during childbirth.
SMM is a composite measure. Defining specific strategies
to prevent the progression of maternal morbidity will re-
quire targeted interventions depending on when SMM is
diagnosed.

Two important and understudied postpartum risk factors
are substance use disorders and mental health diagnoses.
We found that both factors were associated with PPR with
and without SMM. However, the strength of the associations
between substance use disorder and any mental health diag-
noses and PPR without SMM varied depending on the timing
of the PPR. Strikingly, the magnitudes of association for
substance use and mental health diagnoses and PPR without
SMM were on par with those of traditional clinical comorbid
conditions such as chronic hypertension and prepregnancy
diabetes. The complexity and heterogeneity of PPR require
further study, as reflected by recent critiques of the face
validity of PPR as a quality marker (43). In addition to the
critical importance of SMM, factors that require ongoing

management are important to consider when devising strate-
gies to prevent deterioration of maternal well-being to the
point of requiring hospitalization.

Strengths of our study include the use of a multiyear,
multipayer, multicare setting database and examining PPR
in the extended postpartum period. Our use of the APAC
database helped us overcome the limitations of prior studies
that were limited to 1 care setting (inpatient data as opposed
to outpatient or emergency department data) (12, 15, 16) or
1 payer (20, 21). Our study also had limitations. First, claims
data are limited to people who have health insurance at the
time of any health-care encounter. Approximately 50% of
pregnant people gain Medicaid insurance because of their
pregnancy and lose coverage 60 days after delivery (26, 44).
Our study excluded people who had insurance at delivery
but did not have at least 11 months of continuous insurance
coverage postpartum (22% of total births in our sample)—
an important and vulnerable population that warrants further
study. By excluding persons with intermittent insurance cov-
erage postpartum, we may have been excluding those at
higher risk for PPR, thus underestimating the total PPR
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Table 3. Adjusted Risk Ratios for Postpartum Readmission With or Without Evidence of Severe Maternal Morbidity, by Readmission Timing,
Among Oregon Hospital Births (n = 158,653), 2012–2017

PPR With Evidence of SMM PPR Without Evidence of SMM

≤6 Weeks PP
(n = 352)

7–52 Weeks PP
(n = 456)

≤6 Weeks PP
(n = 1,259)

7–52 Weeks PP
(n = 2,074)

Characteristic

aRR 95% CI aRR 95% CI aRR 95% CI aRR 95% CI

Maternal age, years

15–19 1.53 1.01, 2.31 1.11 0.76, 1.61 1.50 1.21, 1.85 1.64 1.40, 1.91

20–24 0.92 0.67, 1.27 0.93 0.72, 1.21 0.98 0.84, 1.15 1.25 1.11, 1.40

25–29 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

30–34 0.96 0.72, 1.30 0.78 0.61, 1.00 0.85 0.73, 0.99 0.87 0.78, 0.99

35–39 1.66 1.22, 2.26 0.75 0.55, 1.04 1.15 0.96, 1.37 0.77 0.65, 0.90

≥40 1.14 0.61, 2.12 1.46 0.93, 2.28 1.36 1.02, 1.83 0.78 0.58, 1.05

Maternal residential
locationa

Urban 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Rural 1.24 1.00, 1.54 1.08 0.89, 1.31 1.00 0.89, 1.13 1.07 0.98, 1.17

Health insurance type at
deliveryb

Commercial 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Medicaid 1.81 1.41, 2.34 2.29 1.80, 2.90 1.10 0.97, 1.25 2.00 1.79, 2.24

Model of deliveryc

Vaginal 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Cesarean 1.66 1.33, 2.06 1.37 1.13, 1.67 1.69 1.50, 1.89 1.21 1.10, 1.33

Extended delivery length of
stayd

1.99 1.57, 2.51 1.78 1.44, 2.19 1.53 1.34, 1.74 1.41 1.27, 1.56

SMM at deliverye 8.03 5.49, 11.75 3.72 2.31, 5.97 2.40 1.70, 3.38 1.57 1.12, 2.21

Prepregnancy diabetesf 1.60 0.90, 2.86 3.88 2.74, 5.49 2.42 1.88, 3.12 3.14 2.63, 3.76

Gestational diabetesf 1.15 0.81, 1.62 0.93 0.66, 1.31 1.14 0.95, 1.37 1.41 1.23, 1.62

Any hypertensive disorder of
pregnancyg

Any disorder 2.67 2.08, 3.43 1.96 1.54, 2.5 2.42 2.12, 2.77 1.51 1.34, 1.71

No evidence 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Hypertensive disorders of
pregnancyg

Chronic hypertension 2.95 1.89, 4.59 2.62 1.75, 3.93 2.70 2.12, 3.44 1.88 1.51, 2.33

Gestational hypertension 1.81 1.17, 2.79 1.66 1.13, 2.44 1.70 1.35, 2.15 1.06 0.85, 1.32

Preeclampsia/eclampsia 4.49 3.07, 6.58 1.78 1.08, 2.93 2.64 2.05, 3.39 1.60 1.26, 2.03

Superimposed 1.82 0.86, 3.86 2.06 1.13, 3.74 3.76 2.88, 4.91 2.09 1.61, 2.72

No evidence 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Substance use disorderh

Any disorder 2.68 1.97, 3.65 2.75 2.12, 3.56 1.57 1.30, 1.90 2.10 1.86, 2.38

Any disorder (excluding
cannabis)

2.90 2.11, 3.99 2.9 2.21, 3.79 1.68 1.37, 2.04 2.19 1.92, 2.50

Table continues

prevalence. Notably, our sensitivity analysis that shortened
the continuous enrollment criterion to 60 days postpartum
did not change our overall conclusions. In addition, we were

unable to reliably capture out-of-hospital births (e.g., births
taking place at a birth center or at home) because they are
often paid for outside of insurance plans. Out-of-hospital
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Table 3. Continued

PPR With Evidence of SMM PPR Without Evidence of SMM

≤6 Weeks PP
(n = 352)

7–52 Weeks PP
(n = 456)

≤6 Weeks PP
(n = 1,259)

7–52 Weeks PP
(n = 2,074)

Characteristic

aRR 95% CI aRR 95% CI aRR 95% CI aRR 95% CI

Mental health diagnosesi

Any diagnosis 1.22 0.85, 1.77 1.71 1.29, 2.27 1.53 1.29, 1.83 2.46 2.19, 2.75

Depression 1.38 0.66, 2.92 2.58 1.59, 4.18 1.33 0.90, 1.98 2.63 2.12, 3.26

Anxiety 1.40 0.85, 2.31 1.54 1.01, 2.34 1.58 1.24, 2.02 2.29 1.95, 2.68

Serious mental illness 0.87 0.45, 1.69 1.58 1.02, 2.45 1.85 1.45, 2.35 2.68 2.29, 3.14

Other 1.37 0.65, 2.89 1.93 1.11, 3.36 1.96 1.42, 2.70 3.22 2.65, 3.90

Abbreviations: aRR, adjusted risk ratio; CI, confidence interval; HDP, hypertensive disorders of pregnancy; MH, mental health; MRL, maternal
residential location; PP, postpartum; PPR, postpartum readmission; SMM, severe maternal morbidity; SUD, substance use disorder.

a The model adjusted for maternal age.
b The model adjusted for maternal age, MRL, any SUD, and any MH diagnosis.
c The model adjusted for maternal age, MRL, insurance type at delivery, any SUD, any MH diagnosis, any diabetes, and any HDP.
d The model adjusted for maternal age, MRL, insurance type at delivery, any SUD, any MH diagnosis, any diabetes, HDP, and mode of

delivery.
e The model adjusted for maternal age, MRL, insurance type at delivery, any diabetes, and HDP.
f The model adjusted for maternal age, MRL, any SUD, and any MH diagnosis.
g The models adjusted for maternal age, MRL, any SUD, and any MH diagnosis.
h The model adjusted for maternal age, MRL, and any MH diagnosis.
i The model adjusted for maternal age and MRL.

births account for approximately 4% of births in Oregon
(45). The association between birth setting and PPR and
SMM warrants further study.

Next, the current scientific literature demonstrates that
interpersonal and structural racism are drivers of mater-
nal health inequities (46, 47). However, the Oregon APAC
database was missing information on race and ethnicity
for 50% of our population and thus could not be reliably
used to address this factor in our analyses. In addition,
our analyses relied on documentation of comorbidity in
health-care encounter records using ICD-9/ICD-10 codes,
which is often underestimated in administrative claims data.
If comorbidity was underestimated, our results may have
been biased towards the null. Even with population-based
data, rare events impose limitations; for example, we were
unable to compare SMM indicators, except for the 12 most
common. Finally, our analysis was limited to Oregon, a state
with less racial and ethnic diversity than other regions in the
United States (48), which reduces the generalizability of our
findings.

Our study shows that the associations between maternal
factors and postpartum morbidity are complex. As maternal
health research progresses, more work will be needed to
understand the spectrum of maternal morbidity and ulti-
mately prevent it. In particular, more research is needed to
understand the proximal health factors that drive PPR, such
as continuous insurance coverage and access to preventive
and mental health care. This work will enable clinicians and
policy-makers to reduce maternal morbidity and mortality,

helping to promote healthy pregnancy, delivery, and well-
being for all pregnant people.
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