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Abstract

Objective

To estimate the cost of maternal morbidity for all 2019 pregnancies and births in the United

States.

Methods

Using data from 2010 to 2020, we developed a cost analysis model that calculated the

excess cases of outcomes attributed to nine maternal morbidity conditions with evidence of

outcomes in the literature. We then modeled the associated medical and nonmedical costs

of each outcome incurred by birthing people and their children in 2019, projected through

five years postpartum.

Results

We estimated that the total cost of nine maternal morbidity conditions for all pregnancies

and births in 2019 was $32.3 billion from conception to five years postpartum, amounting to

$8,624 in societal costs per birthing person.

Conclusion

We found only nine maternal morbidity conditions with sufficient supporting evidence of link-

ages to outcomes and costs. The lack of comprehensive data for other conditions suggests

that maternal morbidity exacts a higher toll on society than we found.

Policy implications

Although this study likely provides lower bound cost estimates, it establishes the substantial

adverse societal impact of maternal morbidity and suggests further opportunities to invest in

maternal health.
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Introduction

Maternal morbidity encompasses multiple physical and psychological health conditions that

result from or are aggravated by pregnancy [1]. These conditions can start during pregnancy

or within a year after delivery. The long-term effects, however, can last months or years, rang-

ing from short acute episodes to longer chronic ailments [2]. These conditions do not neces-

sarily lead to maternal mortality, but they can negatively affect quality of life. The Centers for

Disease Control and Prevention identifies 21 severe maternal morbidity indicators, such as

blood transfusion, eclampsia, hysterectomy, and sepsis, using hospital discharge data from

delivery [1]. The occurrence of severe maternal morbidity has approximately doubled over a

15-year period, affecting 1.4% of birthing people during delivery in the United States [1, 3, 4].

Maternal mortality is the most serious consequence of maternal morbidity. The United

States has a maternal mortality ratio of 20 deaths per 100,000 pregnancies, the worst of high-

income countries [5]. Other disabilities and chronic illness stemming from maternal morbid-

ity—often referred to as near misses—can have ongoing and compounded effects on a birthing

person, their children, and other household members, shaping their workforce participation,

nutrition, schooling, and other factors affecting quality of life [6–8]. Maternal morbidity can

lead to adverse outcomes for birthing people, such as cesarean delivery and stroke, and adverse

outcomes for their children, such as asthma, preterm birth, and suboptimal breastfeeding [7,

9–14].

Because of the many conditions associated with maternal morbidity, few studies have

attempted to comprehensively estimate its overall costs [15]. This paper estimates the cost of

nine maternal morbidity conditions with strong underlying evidence linking them to pregnan-

cies or live births in the United States. We follow each maternal–child pair in the 2019 birth

cohort from pregnancy to five years postpartum to highlight near-term economic impacts

likely to be most salient to policymakers. To our knowledge, this cost model represents the

most comprehensive analysis to date of the economic costs of maternal morbidity in the

United States.

This model estimates the costs for select conditions associated with maternal morbidity,

though one should interpret results with caution. Our estimate could represent only a lower

bound of overall costs because only nine conditions had sufficient information to link to out-

comes and costs. At the same time, our results might overestimate certain costs because some

birthing people may experience comorbidities (that is, complexities that are not captured in

our model). Our model calculates an estimate of the combined independent costs of nine

selected maternal morbidities, supplying initial evidence to inform policy.

Our study refers to anyone who has experienced a pregnancy as a “birthing person.” We

use the term “maternal morbidity” to describe the adverse medical conditions experienced by

birthing people.

Methods

This study used a similar approach to that of Luca et al. [16], who quantified the economic

impact of untreated maternal mental health conditions (MMHCs) in the United States. We

started with the CDC’s list of 21 severe maternal morbidity indicators, which defines a subset

of maternal morbidity conditions through diagnosis codes, and added ten other non-life

threatening adverse perinatal medical and mental health conditions directly resulting from

pregnancy based on expert recommendations [1]. Through the data extraction process,

described in the literature review section below, we narrowed the scope of our analysis to nine

maternal morbidity conditions with supporting evidence of subsequent outcomes and associ-

ated costs.
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We define societal cost as the combined estimated excess medical and nonmedical costs

from maternal morbidity for birthing people and their children based on a conceptual model

(Fig 1). Medical costs include those directly incurred through the health care delivery system,

such as hospitalization costs for birthing people and their children. Nonmedical costs include

costs incurred outside the health care delivery system such as productivity loss and absentee-

ism (that is, missing days of work). To avoid overestimating the risk of outcomes associated

with maternal morbidity, our conceptual model focused on primary outcomes that are directly

associated with maternal morbidity conditions. For example, infants who experience subopti-

mal breastfeeding—one of our modeled outcomes—have a higher risk of death from sudden

infant death syndrome. We did not include the cost of this secondary outcome in our model

because we already include sudden infant death syndrome as a primary outcome of MMHCs,

one of the nine maternal morbidity conditions we studied.

Literature review

To identify the maternal morbidity conditions and subsequent outcomes we used in our

model, we conducted a comprehensive literature review following Preferred Reporting Items

for Systematic Reviews and Meta-Analyses guidelines (Fig 2) [17]. We conducted three

searches: (1) the prevalence or incidence of each maternal morbidity condition, (2) the likeli-

hood of adverse medical and nonmedical outcomes associated with maternal morbidity, and

(3) the associated medical and nonmedical costs of each outcome. We searched key databases

to identify original articles and meta-analyses published in peer-reviewed journals, restricting

the searches to articles published from 2010 to 2021. We supplemented these articles with grey

literature and other reports focusing on the impacts and costs of maternal morbidity.

From the results of our database searches, we reviewed titles, abstracts, and full text to

determine high-quality estimates for our model using the following criteria: (1) study used

Fig 1. Conceptual framework of our model that calculates the costs of outcomes attributed to nine maternal

morbidity conditions, 2019 birth cohort. Our model estimated the excess medical and nonmedical costs of maternal

and child outcomes associated with maternal morbidity conditions.

https://doi.org/10.1371/journal.pone.0275656.g001
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adequate controls to address confounding factors, (2) outcomes had direct associations with

maternal morbidity conditions, (3) outcomes were quantifiable in monetary terms, and (4)

incidence and prevalence estimates and medical costs came from the United States. To ensure

that we modeled maternal morbidity–outcome connections with strong evidence, we included

only connections with evidence in three or more studies and that had at least one cost estimate

for the outcomes (either from the Healthcare Cost and Utilization Project’s Nationwide Inpa-

tient Sample or the literature) [18]. We narrowed our original 31 maternal morbidity condi-

tions to nine for inclusion in the model, five of which represent severe maternal morbidity

conditions. Details of the literature search strategy appear in S1 Appendix.

Baseline rates

We obtained the baseline incidence or prevalence rates for maternal morbidity conditions

using the most recent and relevant statistics available, relying primarily on the Healthcare

Cost and Utilization Project’s Nationwide Inpatient Sample. When estimates were unavailable

through published reports using these data, we drew from other government agencies or peer-

reviewed studies from our literature review. We used a similar process to identify the baseline

Fig 2. Title: Preferred reporting items for systematic reviews and meta-analyses flowchart of article selection for final model, using data

primarily from 2010 to 2020. This figure details the number of articles we found in each of our three searches, the number we selected for full-text

review after screening title and abstracts, the number of articles we excluded from the model for each reason, and the final number of articles identified

for model inclusion.

https://doi.org/10.1371/journal.pone.0275656.g002
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incidence or prevalence rates for the outcomes associated with maternal morbidity. When pos-

sible, we limited the population to pregnant and postpartum people and children through age

five. S2 Appendix contains the maternal morbidity and outcome incidence and prevalence

estimates we used in the main model.

Cost estimates

To calculate the cost of maternal morbidity in the United States, we estimated the average

incremental cost per birthing person or child for each outcome attributable to a maternal mor-

bidity condition. Each outcome resulted in medical costs (such as a longer stay for a delivery

hospitalization), nonmedical costs (such as lost wages), or some combination of them. We

used the most recent and relevant estimates from the Agency for Healthcare Research and

Quality, CDC, and other government agencies along with estimates from peer-reviewed arti-

cles from our literature review. Although the severity of each outcome can differ by person, we

used the average estimates from the literature to populate our model. We standardized the

costs to annual units and converted them to 2019 dollars using the medical component of the

Consumer Price Index. S3 Appendix describes the sources we used to obtain cost estimates for

maternal morbidity outcomes.

Modeling

We created a model that estimated the costs of maternal morbidity among birthing people and

their children for the 2019 birth cohort through five years postpartum, the period most salient

to policymakers and fiscal funding time periods. Our key parameters included the following:

1. Number of pregnancies or live births in the United States in 2019, depending on whether

the outcome from the condition occurred during pregnancy, at delivery, or postpartum

2. Prevalence of each maternal morbidity condition

3. Incidence of each outcome associated with a maternal morbidity condition

4. Impact estimates of each morbidity–outcome connection, such as the odds of a preterm

birth given a maternal hemorrhage

5. Documented medical and nonmedical costs for each outcome (understanding that costs

vary by severity of each condition or outcome)

6. Medical inflation rate and discount rate for all conditions, and remission rate for MMHCs

For each maternal morbidity condition associated with a given outcome, we identified the

highest and lowest impact estimate from our literature search results as our range and used the

midpoint from across the papers as the main estimate. If we identified only one estimate that

met our inclusion criteria after further review of the studies, we used the 95% confidence inter-

val as the high and low estimates. This strategy allowed us to include the full range of estimates

meeting our criteria in the model. S4 Appendix contains the full set of impact estimates used

in our modeling, and S5 Appendix contains the full set of model parameters.

Our model used the input parameters to calculate the medical and nonmedical costs of

each morbidity–outcome connection, which reflect the number of birthing people or children

who would experience an outcome directly because of a maternal morbidity condition. For

each outcome, we used context from the literature to assume whether the costs occurred once

(such as stillbirth) or on an ongoing basis (such as juvenile onset type 1 diabetes). S6 Appendix

contains more detail on how we calculated the annual incremental excess costs of each

outcome.
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Following the U.S. Public Health Service’s recommendations for cost models, we discounted

costs at an annual rate of 3% to reflect the lower economic value of future expenses and

accounted for increases in prices of healthcare services and commodities across time [19]. For

medical costs, we used the medical care component of the Consumer Price Index to adjust

prices to 2019 dollars. For non-medical costs, we used the Consumer Price Index for all items,

less food and energy, to adjust prices to 2019 dollars [20]. We added the medical and nonmedi-

cal costs associated with each maternal morbidity condition to estimate the total societal costs

of nine maternal morbidity conditions for the 2019 birth cohort through five years postpartum.

We conducted a series of deterministic sensitivity analyses to understand the sensitivity of

our cost model to variation in prevalence, cost, and impact estimates, and we identified which

model parameters had the greatest effect on changes to the total societal cost of maternal mor-

bidity. We varied each incidence or prevalence rate individually using the high and low esti-

mates to determine how each condition or outcome affected the total cost of maternal

morbidity. Then, we varied each impact estimate individually. S7 Appendix contains more

information on the sensitivity analyses we conducted.

Results

In our literature review, we initially identified 8,337 studies through our database search and

95 papers through our review of the grey literature. After deduplication, the total number of

unique records was 5,365. Using a systematic narrowing process (see S1 Appendix), we identi-

fied 32 studies that supported connections between nine maternal morbidity conditions and

24 maternal and child outcomes (Fig 3). To complete our data sources, we included 32 sum-

maries or data briefs of publicly available data for the most recent prevalence and cost esti-

mates and 44 studies from Luca et al. related to MMHCs [16]. Using the prevalence estimates

for each of the nine conditions included in our model, we aggregated costs associated with

each condition for all pregnancies or live births in 2019 to estimate a total cost of $32.3 billion

from conception to five years postpartum. Of the total cost, we estimated $18.7 billion in medi-

cal costs and $13.6 billion in nonmedical costs. Two-thirds of these costs occurred within the

first year postpartum.

MMHCs ($18.1 billion), hypertensive disorders ($7.5 billion), gestational diabetes mellitus

($4.8 billion), and hemorrhage ($1.8 billion) generated the largest costs, in part because these

are the most prevalent conditions among those with documented cost information. Child out-

comes accounted for about 74% of the total costs ($24.0 billion), and maternal outcomes

accounted for about 26% ($8.3 billion). The specific child outcomes driving the costs of these

conditions included preterm birth ($13.7 billion), developmental disabilities ($6.5 billion), and

respiratory distress syndrome ($2.1 billion). The maternal outcomes with the highest costs

included productivity loss ($6.6 billion), cesarean section delivery ($895 million), and

increased peripartum stay ($350 million). These nine maternal morbidity conditions and out-

comes amounted to an average of $8,624 in additional costs to society for each maternal–child

pair of the more than 3.7 million births in the United States annually. Table 1 summarizes our

findings, and our full results appear in S8 Appendix.

More than half the costs (58%) were borne by the medical system, and the rest (42%) were

borne by employers and other nonmedical sectors. Nonmedical costs included losses in pro-

ductivity ($6.6 billion), additional social service provision for behavioral and developmental

disorders in children ($6.5 billion), and increased family enrollment in and use of social pro-

grams, such as the Supplemental Nutrition Assistance Program; the Special Supplemental

Nutrition Program for Women, Infants, and Children; Medicaid; and Temporary Assistance

for Needy Families ($239 million).

PLOS ONE Costs of maternal morbidity

PLOS ONE | https://doi.org/10.1371/journal.pone.0275656 October 26, 2022 6 / 13

https://doi.org/10.1371/journal.pone.0275656


The sensitivity analyses showed that our model estimated a range of $12.1 billion to $57.6

billion by varying all prevalence and impact estimates at once. Preterm birth associated with

MMHCs proved the most sensitive to variation––the incidence of preterm birth could

decrease the total costs of maternal morbidity by up to $6 billion or increase them by up to $5

billion relative to our main model results. S5 Appendix provides the range of parameters we

tested, and S7 Appendix shows the results of the sensitivity analyses in a tornado diagram.

Discussion

Our findings demonstrate that maternal morbidity places a substantial economic toll on soci-

ety. In particular, MMHCs, gestational diabetes, and hypertension have the highest costs, con-

sistent with the results of Moran et al.’s systematic review of the incremental costs of maternal

morbidity conditions [15]. In addition, our estimate far exceeds recent findings of Phibbs et al.

and Chen et al., who projected an excess of $250 million and $630 million, respectively, in

direct medical costs because of severe maternal morbidity [21, 22]. Our model projects

Fig 3. Connections between nine maternal morbidity conditions and 24 outcomes, 2019 birth cohort. This figure illustrates the connections

included in our final model between nine maternal morbidity conditions and 24 outcomes. Each connection has a statistically significant evidence base

or expert recommendation for inclusions and documented associated costs.

https://doi.org/10.1371/journal.pone.0275656.g003
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substantially higher costs by including the costs of outcomes associated with morbidity condi-

tions—rather than limiting costs to the medical conditions themselves—and expanding the

scope of the analysis to maternal morbidity conditions more broadly. The costs could rise if we

extended our model beyond five-years postpartum (the period we considered most salient to

policymakers), although most costs accrued during the first year.

We found evidence to support inclusion of nine maternal morbidity conditions in the cost

model. Among all 2019 births, we estimated these nine conditions cost society $32.3 billion—

with a lower bound of $12.1 billion and upper bound of $57.6 billion—from the beginning of

pregnancy to five years postpartum. These significant costs show a need for further invest-

ments in evidence-based maternal health initiatives, such as midwifery models of care that

extend beyond birth, comprehensive gender-specific primary health care that provides seam-

less transitions in and out of pregnancy, and community-based models of maternity care [23–

26]. Initiatives should consider how social and structural factors beyond clinical care, such as

unstable housing, lack of transportation, and racism, drive maternal outcomes [24, 27]. Poli-

cies that extend postpartum coverage or expand insurance coverage more broadly could incor-

porate these initiatives, and programming that incorporates a holistic approach to maternal

health. It is important, however, to consider the implications of our findings in the context of

the study limitations discussed here.

Limitations

Our cost estimates for the nine maternal morbidity conditions are limited by the completeness

of costs documented in the literature and the accuracy of model parameters. In addition, unac-

counted-for interactions between the modeled conditions might amplify or moderate the costs

of individual conditions. We also lack data for maternal morbidity conditions beyond the nine

we selected and for costs by subgroups.

Completeness of costs for nine selected conditions. The preponderance of medical costs

during the delivery period implies our estimates might have missed costs associated with lon-

ger-term consequences of maternal morbidity, such as associated chronic conditions that

develop later for birthing people and their children, as well as stroke, educational challenges,

or future earnings for children. In addition, our model does not account for costs of readmis-

sions because of maternal morbidity, which could substantially increase our estimate [28, 29].

Table 1. Cost estimates of maternal morbidity conditions in the United States for the 2019 birth cohort (in millions $).

Maternal morbidity condition Total Year 0 Year 1 Year 2 Year 3 Year 4 Year 5

Amniotic fluid embolism 4.4 4.4 0.0 0.0 0.0 0.0 0.0

Cardiac arrest 10.9 10.9 0.0 0.0 0.0 0.0 0.0

Gestational diabetes mellitus 4,843.9 4,049.2 158.9 166.1 173.6 181.5 189.7

Hemorrhage 1,828.9 1,828.9 0.0 0.0 0.0 0.0 0.0

Hypertensive disorders 7,540.8 6,231.4 261.8 273.7 286.1 299.1 312.6

Maternal mental health conditions 18,059.0 9,782.6 1,655.0 1,730.0 1,808.4 1,890.3 1,975.9

Renal disease 3.0 3.0 0.0 0.0 0.0 0.0 0.0

Sepsis 3.3 3.3 0.0 0.0 0.0 0.0 0.0

Venous thromboembolism 6.4 6.4 0.0 0.0 0.0 0.0 0.0

Total 32,300.6 21,920.1 2,075.7 2,169.8 2,268.1 2,370.9 2,478.2

This table shows the total estimated costs of nine maternal morbidity conditions from conception to five years postpartum, estimated for the U.S. 2019 birth cohort.

Maternal morbidity conditions with acute outcomes have one-time costs, while conditions with chronic outcomes have ongoing costs, modeled through five years

postpartum. S8 Appendix contains the full results of the model by condition and outcome.

https://doi.org/10.1371/journal.pone.0275656.t001
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Furthermore, the literature contained few nonmedical costs for conditions other than

MMHCs. Studies of other health conditions found that nonmedical costs from lost earnings,

productivity loss, and other indirect costs can account for more than half the overall costs [30–

32]. For our study, nonmedical costs accounted for 42% of total costs. These documented non-

medical costs mainly stem from MMHCs, the maternal morbidity condition for which we had

the most complete outcomes and cost information. More information on nonmedical costs for

the other maternal morbidity conditions could greatly increase our estimate of nonmedical

and total costs. Finally, although we recognize that maternal morbidity can affect nonmaternal

family members, such as sibling behavioral development, we only modeled the costs of the

nine maternal morbidity conditions as they related to the birthing person and child.

Accuracy of model parameters. Our model uses data from secondary data and peer-

reviewed literature that calculate statistical estimates to varying levels of statistical precision. In

addition, the computer software used in this model introduced a slight rounding error. The

precision could affect the accuracy of the societal cost and other statistical estimates reported.

Unaccounted-for interactions and secondary outcomes. To develop costs for each out-

come, we modeled the likelihood of an outcome for each person with a given condition and

the associated costs. Our model, however, cannot account for the effects of comorbidities. For

example, a pregnant person with hypertension and gestational diabetes faces an increased risk

for a preterm birth, and our model calculates only the independent costs of the individual con-

ditions. These comorbidities could interact to increase or decrease the likelihood of a preterm

birth beyond our impact estimate, resulting in an ambiguous effect on costs. In this example,

the cost of delivery for a pregnant person with hypertension and gestational diabetes could

end up substantially higher than the cost of delivery for a pregnant person with only one of

these conditions. Despite the limitation that the model cannot account for comorbidities, the

general lack of comprehensive data for other morbidities and outcomes suggests that maternal

morbidity could have a much higher societal cost impact than we found.

Furthermore, to avoid overestimating the risk of outcomes associated with any given mater-

nal morbidity condition, we chose not to model secondary outcomes. This approach might

have led to our underestimating the costs of maternal morbidity. For example, we included

child developmental disorders as one of the model outcomes associated with MMHCs. Many

of these children might subsequently require use of social services, such as Supplemental Secu-

rity Income, but we did not include this set of costs in the model because we already included

the risk of social service use directly from MMHCs. Other researchers could revise the model

to account for interaction effects of multiple conditions or secondary outcomes, which can

provide a more comprehensive cost estimate for maternal morbidity overall.

Lack of information for all maternal morbidity conditions and long-term costs, and by

subgroup. Our estimates likely do not capture the full costs of maternal morbidity for several

reasons. First, although maternal morbidity includes many conditions and connections to out-

comes, we could only find literature meeting our criteria to support modeling 32 connections

between nine conditions and 24 outcomes (S1 Appendix). Second, we designed this model to

focus on a six-year period (pregnancy to five years postpartum) so that stakeholders could

understand the immediate impacts of maternal morbidity, especially as they consider allocat-

ing resources to interventions. We recognize that maternal morbidity can have long-term

effects on the birthing person and the child, indicating that our estimates might represent only

a fraction of the lifetime costs.

Ideally, we would have examined costs by various subgroups, such as race and ethnicity and

Medicaid status, to understand the variation of cost burden for specific populations. For exam-

ple, research has shown that Black birthing people have higher rates of severe maternal mor-

bidity, which corresponds to a higher incidence of outcomes such as preterm birth and their
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associated costs [33]. Further, maternal mental health conditions get screened and diagnosed

at a higher rate among non-Hispanic whites than Hispanic or Black birthing people, contribut-

ing to even greater disparities in measuring the true cost burden among minoritized

populations.

The literature did not provide sufficient evidence of morbidity-outcome connections by

racial or ethnic subgroup for us to include in our model. Additional data and analyses docu-

menting incidence and prevalence of maternal morbidity conditions and costs by subgroup

would deliver a more complete understanding of populations that bear a disproportionate bur-

den and experience inequities in structural and social factors that lead to disparities in outcomes.

Such information can better support decision making on medical and non-medical interven-

tions that could have the greatest impact on maternal health–related outcomes and costs.

Conclusions

Today’s case of maternal morbidity can result in tomorrow’s maternal death, which means

that better measurement and reporting of maternal morbidity and its associated costs is critical

to addressing the maternal health crisis in the United States. To develop effective maternal pro-

gramming and policies and assess their impacts on outcomes, researchers and program staff

will need strong data on the prevalence and incidence of maternal morbidity and associated

inequities, including information on whether any changes observed over time are due to

reporting changes or true increases or decreases in prevalence or incidence. Our study demon-

strates ongoing gaps in measurement of maternal morbidity, however, and lack of data to iden-

tify associated disparities. Heath care and public health agencies, measure stewards, and health

systems can do more to define measures beyond those for severe maternal morbidity and

incorporate an equity lens to better understand the differential impact on various subgroups of

the population. These subgroups for measurement can include individual demographics and

community characteristics to provide further insight into social and structural conditions driv-

ing maternal outcomes. These analyses will support a systems-wide response to reducing

maternal morbidity and addressing the underlying societal and structural causes.

Supporting information

S1 Appendix. Description of literature review and search terms.

(DOCX)

S2 Appendix. Prevalence of maternal morbidity conditions and outcomes.

(DOCX)

S3 Appendix. Studies and data sources used to inform the cost estimates used in the

model.

(DOCX)

S4 Appendix. Evidence of the association between maternal morbidity conditions and

maternal and child health outcomes.

(DOCX)

S5 Appendix. Model inputs: Parameters and costs used to estimate the economic impact of

maternal morbidity conditions among 2019 births.

(DOCX)

S6 Appendix. Modeling method.

(DOCX)

PLOS ONE Costs of maternal morbidity

PLOS ONE | https://doi.org/10.1371/journal.pone.0275656 October 26, 2022 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275656.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275656.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275656.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275656.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275656.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275656.s006
https://doi.org/10.1371/journal.pone.0275656


S7 Appendix. Sensitivity analyses.

(DOCX)

S8 Appendix. Full results of the model.

(DOCX)

S9 Appendix. Glossary.

(DOCX)

Acknowledgments

The authors would like to thank Jodie Katon and Kay Johnson for their expert guidance in

refining our conceptual model. We would also like to thank Caroline Margiotta and Jessica

Gao for their support conducting the literature review, and Erin Lipman for her support in

developing the Excel model. Finally, we thank all the researchers and practitioners for con-

ducting and publishing the studies used in our review.

Author Contributions

Conceptualization: Sasigant So O’Neil, Divya Vohra, Laurie Zephyrin, Kara Zivin.

Funding acquisition: Laurie Zephyrin.

Investigation: Isabel Platt, Eric Dehus.

Methodology: Kara Zivin.

Project administration: Sasigant So O’Neil, Eric Dehus.

Software: Emma Pendl-Robinson.

Supervision: Sasigant So O’Neil, Divya Vohra.

Validation: Isabel Platt, Emma Pendl-Robinson.

Visualization: Isabel Platt, Emma Pendl-Robinson.

Writing – original draft: Sasigant So O’Neil, Isabel Platt, Divya Vohra, Emma Pendl-

Robinson.

Writing – review & editing: Isabel Platt, Laurie Zephyrin, Kara Zivin.

References

1. CDC. Severe Maternal Morbidity in the United States. In: Centers for Disease Control and Prevention

[Internet]. 2 Feb 2021 [cited 15 Sep 2021]. https://www.cdc.gov/reproductivehealth/

maternalinfanthealth/severematernalmorbidity.html

2. Machiyama K, Hirose A, Cresswell JA, Barreix M, Chou D, Kostanjsek N, et al. Consequences of mater-

nal morbidity on health-related functioning: a systematic scoping review. BMJ Open. 2017; 7: e013903.

https://doi.org/10.1136/bmjopen-2016-013903 PMID: 28667198

3. Callaghan WM, Mackay AP, Berg CJ. Identification of severe maternal morbidity during delivery hospi-

talizations, United States, 1991–2003. Am J Obstet Gynecol. 2008; 199: 133.e1–8. https://doi.org/10.

1016/j.ajog.2007.12.020 PMID: 18279820

4. Callaghan WM, Creanga AA, Kuklina EV. Severe maternal morbidity among delivery and postpartum

hospitalizations in the United States. Obstet Gynecol. 2012; 120: 1029–1036. https://doi.org/10.1097/

aog.0b013e31826d60c5 PMID: 23090519

5. Hoyert DL. Maternal Mortality Rates in the United States, 2019. National Center for Health Statistics;

2021 Apr. https://doi.org/10.15620/cdc:103855

PLOS ONE Costs of maternal morbidity

PLOS ONE | https://doi.org/10.1371/journal.pone.0275656 October 26, 2022 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275656.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275656.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275656.s009
https://www.cdc.gov/reproductivehealth/maternalinfanthealth/severematernalmorbidity.html
https://www.cdc.gov/reproductivehealth/maternalinfanthealth/severematernalmorbidity.html
https://doi.org/10.1136/bmjopen-2016-013903
http://www.ncbi.nlm.nih.gov/pubmed/28667198
https://doi.org/10.1016/j.ajog.2007.12.020
https://doi.org/10.1016/j.ajog.2007.12.020
http://www.ncbi.nlm.nih.gov/pubmed/18279820
https://doi.org/10.1097/aog.0b013e31826d60c5
https://doi.org/10.1097/aog.0b013e31826d60c5
http://www.ncbi.nlm.nih.gov/pubmed/23090519
https://doi.org/10.15620/cdc%3A103855
https://doi.org/10.1371/journal.pone.0275656


6. American College of Obstetricians and Gynecologists and the Society for Maternal–Fetal Medicine, Kil-

patrick SK, Ecker JL. Severe maternal morbidity: screening and review. Am J Obstet Gynecol. 2016;

215: B17–22. https://doi.org/10.1016/j.ajog.2016.07.050 PMID: 27560600

7. Jovanovič L, Liang Y, Weng W, Hamilton M, Chen L, Wintfeld N. Trends in the incidence of diabetes, its

clinical sequelae, and associated costs in pregnancy. Diabetes Metab Res Rev. 2015; 31: 707–716.

https://doi.org/10.1002/dmrr.2656 PMID: 25899622

8. Small MJ, James AH, Kershaw T, Thames B, Gunatilake R, Brown H. Near-miss maternal mortality:

cardiac dysfunction as the principal cause of obstetric intensive care unit admissions. Obstet Gynecol.

2012; 119: 250–255. https://doi.org/10.1097/AOG.0b013e31824265c7 PMID: 22270275

9. Cookson H, Granell R, Joinson C, Ben-Shlomo Y, Henderson AJ. Mothers’ anxiety during pregnancy is

associated with asthma in their children. J Allergy Clin Immunol. 2009; 123: 847–853.e11. https://doi.

org/10.1016/j.jaci.2009.01.042 PMID: 19348924

10. Giallo R, Bahreinian S, Brown S, Cooklin A, Kingston D, Kozyrskyj A. Maternal depressive symptoms

across early childhood and asthma in school children: findings from a Longitudinal Australian Population

Based Study. PloS One. 2015; 10: e0121459. https://doi.org/10.1371/journal.pone.0121459 PMID:

25811851

11. Mengistu TS, Turner JM, Flatley C, Fox J, Kumar S. The Impact of Severe Maternal Morbidity on Peri-

natal Outcomes in High Income Countries: Systematic Review and Meta-Analysis. J Clin Med. 2020; 9:

2035. https://doi.org/10.3390/jcm9072035 PMID: 32610499

12. Schwebel DC, Brezausek CM. Chronic Maternal Depression and Children’s Injury Risk. J Pediatr Psy-

chol. 2008; 33: 1108–1116. https://doi.org/10.1093/jpepsy/jsn046 PMID: 18474518

13. Wu P, Haththotuwa R, Kwok CS, Babu A, Kotronias RA, Rushton C, et al. Preeclampsia and Future

Cardiovascular Health: A Systematic Review and Meta-Analysis. Circ Cardiovasc Qual Outcomes.

2017; 10: e003497. https://doi.org/10.1161/CIRCOUTCOMES.116.003497 PMID: 28228456

14. Yamaoka Y, Fujiwara T, Tamiya N. Association Between Maternal Postpartum Depression and Unin-

tentional Injury Among 4-Month-Old Infants in Japan. Matern Child Health J. 2016; 20: 326–336. https://

doi.org/10.1007/s10995-015-1832-9 PMID: 26520154

15. Moran PS, Wuytack F, Turner M, Normand C, Brown S, Begley C, et al. Economic burden of maternal

morbidity—A systematic review of cost-of-illness studies. PLOS ONE. 2020; 15: e0227377. https://doi.

org/10.1371/journal.pone.0227377 PMID: 31945775

16. Luca DL, Margiotta C, Staatz C, Garlow E, Christensen A, Zivin K. Financial Toll of Untreated Perinatal

Mood and Anxiety Disorders Among 2017 Births in the United States. Am J Public Health. 2020; 110:

888–896. https://doi.org/10.2105/AJPH.2020.305619 PMID: 32298167

17. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JPA, et al. The PRISMA statement

for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions:

explanation and elaboration. BMJ. 2009; 339: b2700. https://doi.org/10.1136/bmj.b2700 PMID:

19622552

18. Agency for Healthcare Research and Quality. Overview of the National (Nationwide) Inpatient Sample

(NIS). In: Healthcare Cost and Utilization Project (HCUP) [Internet]. 13 Sep 2021 [cited 16 Jun 2022].

https://www.hcup-us.ahrq.gov/nisoverview.jsp

19. Sanders GD, Neumann PJ, Basu A, Brock DW, Feeny D, Krahn M, et al. Recommendations for Con-

duct, Methodological Practices, and Reporting of Cost-effectiveness Analyses: Second Panel on Cost-

Effectiveness in Health and Medicine. JAMA. 2016; 316: 1093–1103. https://doi.org/10.1001/jama.

2016.12195 PMID: 27623463

20. U.S. Bureau of Labor Statistics. Consumer Price Index for All Urban Consumers: Medical Care in U.S.

City Average. In: FRED, Federal Reserve Bank of St. Louis [Internet]. FRED, Federal Reserve Bank of

St. Louis; 2020 [cited 15 Sep 2021]. https://fred.stlouisfed.org/series/CPIMEDSL

21. Phibbs CM, Kozhimannil KB, Leonard SA, Lorch SA, Main EK, Schmitt SK, et al. A Comprehensive

Analysis of the Costs of Severe Maternal Morbidity. Womens Health Issues. 2022; 0. https://doi.org/10.

1016/j.whi.2021.12.006 PMID: 35031196

22. Chen H-Y, Chauhan S, Blackwell S. Severe Maternal Morbidity and Hospital Cost among Hospitalized

Deliveries in the United States. Am J Perinatol. 2018; 35: 1287–1296. https://doi.org/10.1055/s-0038-

1649481 PMID: 29723900

23. Ahn R, Gonzalez GP, Anderson B, Vladutiu CJ, Fowler ER, Manning L. Initiatives to Reduce Maternal

Mortality and Severe Maternal Morbidity in the United States: A Narrative Review. Ann Intern Med.

2020; 173: S3–S10. https://doi.org/10.7326/M19-3258 PMID: 33253021

24. Howell EA. Reducing Disparities in Severe Maternal Morbidity and Mortality. Clin Obstet Gynecol.

2018; 61: 387–399. https://doi.org/10.1097/GRF.0000000000000349 PMID: 29346121

PLOS ONE Costs of maternal morbidity

PLOS ONE | https://doi.org/10.1371/journal.pone.0275656 October 26, 2022 12 / 13

https://doi.org/10.1016/j.ajog.2016.07.050
http://www.ncbi.nlm.nih.gov/pubmed/27560600
https://doi.org/10.1002/dmrr.2656
http://www.ncbi.nlm.nih.gov/pubmed/25899622
https://doi.org/10.1097/AOG.0b013e31824265c7
http://www.ncbi.nlm.nih.gov/pubmed/22270275
https://doi.org/10.1016/j.jaci.2009.01.042
https://doi.org/10.1016/j.jaci.2009.01.042
http://www.ncbi.nlm.nih.gov/pubmed/19348924
https://doi.org/10.1371/journal.pone.0121459
http://www.ncbi.nlm.nih.gov/pubmed/25811851
https://doi.org/10.3390/jcm9072035
http://www.ncbi.nlm.nih.gov/pubmed/32610499
https://doi.org/10.1093/jpepsy/jsn046
http://www.ncbi.nlm.nih.gov/pubmed/18474518
https://doi.org/10.1161/CIRCOUTCOMES.116.003497
http://www.ncbi.nlm.nih.gov/pubmed/28228456
https://doi.org/10.1007/s10995-015-1832-9
https://doi.org/10.1007/s10995-015-1832-9
http://www.ncbi.nlm.nih.gov/pubmed/26520154
https://doi.org/10.1371/journal.pone.0227377
https://doi.org/10.1371/journal.pone.0227377
http://www.ncbi.nlm.nih.gov/pubmed/31945775
https://doi.org/10.2105/AJPH.2020.305619
http://www.ncbi.nlm.nih.gov/pubmed/32298167
https://doi.org/10.1136/bmj.b2700
http://www.ncbi.nlm.nih.gov/pubmed/19622552
https://www.hcup-us.ahrq.gov/nisoverview.jsp
https://doi.org/10.1001/jama.2016.12195
https://doi.org/10.1001/jama.2016.12195
http://www.ncbi.nlm.nih.gov/pubmed/27623463
https://fred.stlouisfed.org/series/CPIMEDSL
https://doi.org/10.1016/j.whi.2021.12.006
https://doi.org/10.1016/j.whi.2021.12.006
http://www.ncbi.nlm.nih.gov/pubmed/35031196
https://doi.org/10.1055/s-0038-1649481
https://doi.org/10.1055/s-0038-1649481
http://www.ncbi.nlm.nih.gov/pubmed/29723900
https://doi.org/10.7326/M19-3258
http://www.ncbi.nlm.nih.gov/pubmed/33253021
https://doi.org/10.1097/GRF.0000000000000349
http://www.ncbi.nlm.nih.gov/pubmed/29346121
https://doi.org/10.1371/journal.pone.0275656


25. Zephyrin L, Suennen L, Viswanathan P, Augenstein J, Bachrach D. Transforming Primary Health Care

for Women—Part 1: A Framework for Addressing Gaps and Barriers. Commonwealth Fund and Manatt

Health; 2020 Jul pp. 1–20. https://doi.org/10.26099/8c0s-fj12

26. Zephyrin L, Seervai S, Lewis C, Katon JG. Community-Based Models to Improve Maternal Health Out-

comes and Promote Health Equity. The Commonwealth Found; 2021.

27. Taylor JK. Structural Racism and Maternal Health Among Black Women. J Law Med Ethics J Am Soc

Law Med Ethics. 2020; 48: 506–517. https://doi.org/10.1177/1073110520958875 PMID: 33021163

28. Aziz A, Gyamfi-Bannerman C, Siddiq Z, Wright JD, Goffman D, Sheen J-J, et al. Maternal outcomes by

race during postpartum readmissions. Am J Obstet Gynecol. 2019; 220: 484.e1–484.e10. https://doi.

org/10.1016/j.ajog.2019.02.016 PMID: 30786255

29. Wen T, Krenitsky NM, Clapp MA, D’Alton ME, Wright JD, Attenello F, et al. Fragmentation of postpar-

tum readmissions in the United States. Am J Obstet Gynecol. 2020; 223: 252.e1–252.e14. https://doi.

org/10.1016/j.ajog.2020.01.022 PMID: 31962107

30. American Diabetes Association. Economic Costs of Diabetes in the U.S. in 2017. Diabetes Care. 2018;

41: 917–928. https://doi.org/10.2337/dci18-0007 PMID: 29567642

31. Murphy LB, Cisternas MG, Pasta DJ, Helmick CG, Yelin EH. Medical Expenditures and Earnings

Losses Among US Adults With Arthritis in 2013. Arthritis Care Res. 2018; 70: 869–876. https://doi.org/

10.1002/acr.23425 PMID: 28950426

32. Virani SS, Alonso A, Aparicio HJ, Benjamin EJ, Bittencourt MS, Callaway CW, et al. Heart Disease and

Stroke Statistics-2021 Update: A Report From the American Heart Association. Circulation. 2021; 143:

e254–e743. https://doi.org/10.1161/CIR.0000000000000950 PMID: 33501848

33. Liese KL, Mogos M, Abboud S, Decocker K, Koch AR, Geller SE. Racial and Ethnic Disparities in

Severe Maternal Morbidity in the United States. J Racial Ethn Health Disparities. 2019; 6: 790–798.

https://doi.org/10.1007/s40615-019-00577-w PMID: 30877505

PLOS ONE Costs of maternal morbidity

PLOS ONE | https://doi.org/10.1371/journal.pone.0275656 October 26, 2022 13 / 13

https://doi.org/10.26099/8c0s-fj12
https://doi.org/10.1177/1073110520958875
http://www.ncbi.nlm.nih.gov/pubmed/33021163
https://doi.org/10.1016/j.ajog.2019.02.016
https://doi.org/10.1016/j.ajog.2019.02.016
http://www.ncbi.nlm.nih.gov/pubmed/30786255
https://doi.org/10.1016/j.ajog.2020.01.022
https://doi.org/10.1016/j.ajog.2020.01.022
http://www.ncbi.nlm.nih.gov/pubmed/31962107
https://doi.org/10.2337/dci18-0007
http://www.ncbi.nlm.nih.gov/pubmed/29567642
https://doi.org/10.1002/acr.23425
https://doi.org/10.1002/acr.23425
http://www.ncbi.nlm.nih.gov/pubmed/28950426
https://doi.org/10.1161/CIR.0000000000000950
http://www.ncbi.nlm.nih.gov/pubmed/33501848
https://doi.org/10.1007/s40615-019-00577-w
http://www.ncbi.nlm.nih.gov/pubmed/30877505
https://doi.org/10.1371/journal.pone.0275656

