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Abstract

Background and Purpose: Most pregnancy-related ischemic (IS) and hemorrhagic (HS) 

strokes occur postpartum. Infections have been identified as a trigger for strokes in young people, 

and have been associated with strokes during delivery hospitalizations, but a temporal relationship 

has been difficult to establish. We hypothesized that infections diagnosed during a delivery 

admission would be associated with an increased risk of readmission for postpartum stroke.

Methods: We conducted a retrospective cohort study using the Healthcare Cost and Utilization 

Project’s National Readmissions Database from 2010 through 2014. Using weighted survey design 

Poisson regression analysis, we calculated adjusted risk ratios (aRR) and 95% confidence intervals 

(CI) for the association between infection during delivery admission and 30-day postpartum 

readmission for IS or HS.

Results: Out of 17.2 million delivery admissions during the study period, 2128 were readmitted 

within 30 days for a stroke of any type. There were 1189 hemorrhagic strokes (ICH and/or SAH) 

and 720 ischemic strokes, and the remainder unspecified pregnancy-related stroke. Adjusting for 

age and comorbidities, women with delivery infections were at higher risk of readmission for 

postpartum stroke of any type (aRR 1.19, 95%CI 1.01–1.41). Women with infections had higher 

risk of readmission for postpartum IS (adjusted RR 1.75, 95%CI 1.37–2.22), but not for 

postpartum HS (adjusted RR 0.96, 95%CI 0.75–1.23). The effect of infection on 30-day IS 

readmission was larger in women without hypertensive disorders of pregnancy (HDP) (aRR 2.04, 

95%CI 1.55–2.69 in women without HDP, versus aRR 1.47, 95%CI 0.9–2.38 in women with HDP, 

p-value for interaction=0.09).
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Conclusions: Infection during delivery hospitalization was associated with increased risk of 

readmission for IS, but not HS, within 30 days postpartum, particularly in women without HDP. 

Infection may play a role in triggering postpartum IS even in the absence of other risk factors.
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INTRODUCTION

Mounting attention has focused on alarming rates of maternal morbidity and mortality in the 

United States (US), which appear to be increasing.1 Maternal stroke accounts for 7.4% of 

maternal mortality in the US and is a major cause of maternal morbidity.2,3 The majority of 

pregnancy-associated strokes, both hemorrhagic and ischemic, occur in the postpartum 

period.4 The risk of postpartum stroke is higher in women with chronic hypertension and 

hypertensive disorders of pregnancy (HDP), including gestational hypertension, 

preeclampsia and eclampsia.5 However, up to 80% of postpartum strokes occur in women 

with no history of chronic hypertension or HDP.6 Even in women with chronic hypertension 

or HDP, postpartum strokes are difficult to predict, and most occur after women have been 

discharged home from the hospital following delivery.7

While increasing HDP rates likely contribute to the increased stroke risk postpartum,8 it is 

imperative that we identify additional potential triggers for postpartum stroke. Infections 

have been associated with strokes during delivery hospitalizations,9 but administrative data 

from a single admission have limited ability to discern the temporal relationship between 

infection and stroke. The Healthcare Cost and Utilization Project’s (HCUP) Nationwide 

Readmissions Database (NRD) tracks readmissions after hospitalizations in the US. We 

hypothesized that infections diagnosed during delivery hospitalizations would be associated 

with an increased risk of readmission for postpartum stroke of any type.

METHODS

We conducted a retrospective cohort study using the NRD from 2010 through 2014 to assess 

the relationship between infection during a delivery hospitalization and 30-day readmission 

for a stroke of any type. The NRD is an all-payer database that tracks patients across 

hospital admissions within a state, using verified patient linkage numbers, and includes 

public hospitals, community hospitals, and academic medical centers. Data in the NRD are 

weighted to generate national estimates of readmissions. The requirement for informed 

consent was waived by Columbia University’s Institutional Review Board due to the de-

identified, publically available nature of the data. All data in the NRD are available from 

HCUP and can be accessed at: https://www.hcup-us.ahrq.gov/db/nation/nrd/

nrddbdocumentation.jsp.
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Delivery hospitalization, strokes, infections, and comorbidities were identified using 

International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) 

diagnostic codes. Codes 650 and V27.x were used to identify all delivery hospitalizations in 

women aged 15–54. These diagnostic codes have been shown to ascertain greater than 95% 

of delivery hospitalizations.10 Women were considered to have the primary exposure of 

interest, infection during delivery admission, if they had diagnostic codes for one or more of 

the following conditions during their delivery hospitalization: sepsis, genitourinary 

infections, gastrointestinal infections, respiratory infections, sexually transmitted infections, 

puerperal infections, and other infections (Supplemental Table I, see http://

stroke.ahajournals.org), identified using HCUP diagnostic codes.11 Women with a stroke 

during the delivery hospitalization were excluded from the analysis. The primary outcome, 

postpartum stroke, was defined as readmission within 30 days of delivery discharge for 

stroke of any type, including ischemic stroke (IS) (excluding transient ischemic attack), 

intracerebral hemorrhage (ICH), subarachnoid hemorrhage (SAH), or acute cerebrovascular 

disease in the puerperium (Supplemental Table II, see http://stroke.ahajournals.org). 

Cerebral venous thrombosis was not included in the outcome, as there is a clearly 

established strong association between infection and postpartum cerebral venous 

thrombosis.12 Women who were readmitted for reasons other than stroke were not excluded, 

and were considered not to have met the primary outcome. Secondary outcomes included 

readmission for any stroke within 60 days of delivery discharge, and 30-day readmission for 

hemorrhagic stroke (ICH and/or SAH) and IS separately.

Because the NRD datasets are year-based and cannot be linked, only delivery 

hospitalizations where discharge occurred from January 1 through November 30 for each 

year were included in the primary outcome analysis; delivery hospitalizations during 

December were not included because readmissions for the subsequent 30 days could not be 

fully ascertained. Similarly, for the secondary outcome of 60-day readmissions, only 

delivery hospitalizations occurring from January 1 through October 31 for each year were 

included.

Demographic factors included maternal age, payer, and ZIP-code derived income quartile. 

Race and ethnicity data are not included in the NRD, and imputation from census data was 

not possible as the database does not include specific geographic regions or ZIP codes, only 

income levels. Maternal comorbidities included HDP, defined as gestational hypertension, 

mild or severe preeclampsia, “superimposed” preeclampsia (preeclampsia with pre-existing 

chronic hypertension), and eclampsia; chronic hypertension; cesarean delivery during the 

index hospitalization; and an obstetric comorbidity index that provides weighted scores for 

comorbidity for individual patients based on the presence of specific diagnosis codes and 

demographic factors present in administrative data, with higher scores associated with 

increased risk for severe morbidity.13 Comorbidities included in this index include age and 

the following conditions: advanced maternal age, pulmonary hypertension, sickle cell 

disease, chronic renal disease, preexisting hypertension, chronic ischemic heart disease, 

congenital heart disease, cardiac valvular disease, chronic congestive heart failure, asthma, 

preexisting diabetes mellitus, systemic lupus erythematosus, HIV, and drug or alcohol use, 

as well as obstetric comorbidities such as placentia previa, multiple gestation, previous 

cesarean delivery, gestational hypertension, mild or unspecified preeclampsia, and severe 
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preeclampsia or eclampsia.13 Due to concern for multi-collinearity, in calculating the 

comorbidity index score, we excluded hypertensive disorders (including chronic 

hypertension and HDP) and age from the comorbidity index, adjusting for these variables 

separately. We then categorized women based on their number of obstetric comorbidities 

contained in the obstetric comorbidity index score: 0 conditions (lowest risk), 1 or 2 

conditions, and >2 conditions (highest), without weighting comorbidities. Hospital factors 

included length of delivery hospitalization; hospital size; and teaching versus non-teaching 

status.

Statistical analysis

We created weighted survey design Poisson regression models to calculate crude and 

adjusted risk ratios (aRR) and 95% confidence intervals (95%CI) for the association 

between infections and readmission for stroke. We considered an alpha of 0.05 significant. 

To assess if the effect of infection on stroke readmission differed in women with HDP, we 

tested for interactions and created stratified models for women with and without HDP. To 

increase our power to detected a clinically important interaction for a rare outcome, we 

considered a two-sided alpha of 10% significant for an interaction term, recognizing the 

potential for increased type 1 error.14 We adjusted for demographics, number of maternal 

comorbidities, and hospital factors in our analysis. Due to concern that categorizing women 

by a comorbidity index not designed specifically for stroke risk could under- or overestimate 

comorbidity risk, we performed a secondary analysis of our data which did not use the 

comorbidity index-based categories, and instead adjusted separately for known maternal 

stroke risk factors including heart disease, obesity, smoking, migraine, chronic kidney 

disease, hematological disorders, diabetes, lupus, and history of thromboembolic events.
7,12,15,16 All analyses were conducted in SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

Primary outcome.

There were 17,215,614 admissions for delivery in the US during the years 2010–2014 from 

January 1 through November 30 of each year. Of these, 2128 were readmitted with a 

postpartum stroke within 30 days (cumulative incidence 12.36 per 100,000 deliveries). 

Median time to stroke readmission was 6.7 days (interquartile range, 3.8 to 10.9). Among 

women with postpartum stroke, 1189 (55.9%) were hemorrhagic, comprising 457 (38.4%) 

ICH, 646 (54.4%) SAH, and 87 (7.3%) both ICH and SAH; 720 (33.8%) were ischemic; and 

the remainder had unspecified pregnancy-associated stroke. Women who were readmitted 

for stroke within 30 days were older, had lower income and a lower proportion of private 

insurance, and had a higher proportion of cesarean delivery, hypertensive disorders, and 

obstetric comorbidities, compared to women who were not readmitted or readmitted for 

reasons other than stroke (Table 1). Stroke readmission rates, including subtypes, are shown 

in Table 2. Discharge dispositions after 30-day readmission for stroke are shown in Table 3.

During the initial delivery hospitalization, one or more infections were diagnosed in 876,633 

(5.1%) of the 17.2 million women who did not go on to have a postpartum stroke, and 154 

(7.3%) of the 2128 women who were readmitted within 30 days with stroke. Adjusting for 
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number of maternal comorbidities and hospital characteristics, women with infections 

diagnosed during their delivery hospitalizations had higher risk of readmission for 

postpartum stroke within 30 days (absolute risk difference, 5.5 per 100,000 deliveries, 95% 

CI 3.1–7.9; adjusted RR 1.19, 95% CI 1.01–1.41). Infections of all types were more 

common in women who went on to be readmitted within 30 days for stroke (Figure 1). 

Among infection subgroups, only the difference in influenza infections was statistically 

significant between the stroke and non-stroke groups. Among women with influenza during 

the delivery hospitalization, demographics and clinical factors were similar between the 

stroke and non-stroke groups, with the exception that there was a higher proportion of 

cesarean deliveries in the stroke group (91.3% in the stroke group, vs. 48.2% in the non-

stroke group, p=0.009).

Secondary outcomes

60-day readmission for any stroke.—There were 15,699,588 women admitted for 

delivery during the years 2010–2014 from January 1 through October 31 of each year, of 

whom 2192 were readmitted with stroke within 60 days (14 per 100,000 deliveries). Women 

who had an infection diagnosed during their delivery hospitalization had higher risk of 60-

day readmission with stroke (adjusted RR 1.21, 95%CI 1.03–1.42).

Ischemic and hemorrhagic subgroups.—Women who had infections during delivery 

admissions were at higher risk of readmission for IS in both the 30-day and 60-day time 

windows (30-day adjusted RR 1.75, 95%CI 1.37–2.22; 60-day adjusted RR 1.71, 95%CI 

1.36–2.14). For HS, infection did not confer an increased risk of readmission in either the 

30-day or 60-day windows (30-day adjusted RR 0.96, 95%CI 0.75–1.23; 60-day adjusted 

RR 0.98, 95%CI 0.76–1.26) (Table 4).

Interaction of infection with hypertensive disorders of pregnancy.—There was 

no interaction between infection during delivery hospitalization and HDP on the primary 

outcome (p-value for interaction = 0.99). However, there was an interaction between 

infection and HDP for the IS subgroup (p-value for interaction = 0.09). In stratified analyses, 

the effect of infection on 30-day readmission for IS was larger in women without HDP 

(adjusted RR 2.04, 95%CI 1.55–2.69, p<0.01 among women without HDP, versus adjusted 

RR 1.47, 95%CI 0.9–2.38, p=0.12 among those with HDP).

Secondary analysis with separate adjustment for maternal stroke risk factors

Adjusting for maternal stroke risk factors separately, rather than using the obstetric index, 

we found a similar effect size for the primary outcome of any stroke readmission within 30 

days; however, the difference was not statistically significant (adjusted RR 1.15, 95%CI 

0.97–1.36). However, for the outcome of readmission within 30 days for IS only, the effect 

of infection on increased stroke risk remained statistically significant (adjusted RR 1.67, 

95%CI 1.31–2.12).
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DISCUSSION

In our retrospective cohort study using the National Readmissions Database, we found that 

women diagnosed with an infection during their delivery hospitalization had 19% increased 

risk of 30-day readmission for any stroke. Subgroup analyses revealed a 75% increased risk 

for IS, but no increased risk for HS. These data support findings from prior studies which 

have shown an association between infection and maternal stroke,7,9,12 and provide 

additional evidence that this association may be specific to IS. Interestingly, the association 

was stronger in women without HDP, potentially indicating a separate mechanism whereby 

the risk of stroke is increased postpartum.

Our study has important implications for maternal health. While postpartum strokes are rare, 

occurring in approximately 14.7 per 100,000 deliveries according to a recent systematic 

review and meta-analysis,17 these events can result in death or permanent disability, with 

devastating consequences for a young woman and her family.18 HDP are well known to 

increase the risk of postpartum stroke, but many strokes occur in women without a history of 

chronic hypertension or HDP.6 It is essential that we identify other risk factors to help 

identify women at higher risk of postpartum stroke. The association between infection and 

postpartum stroke may have particular relevance in young patients who lack traditional 

vascular risk factors.19,20 In identifying these associations, we found an additional high risk 

group where tailored interventions could be implemented to reduce the risk of postpartum 

stroke. Considering that there are more than 3.8 million births annually in the US,21 the 

absolute risk difference we found of 5.5 fewer strokes per 100,000 deliveries could result in 

an important reduction in maternal morbidity if they could be prevented by a targeted 

intervention.

The link between infection and IS is well described and not unique to pregnant women, but 

pregnant women may be more susceptible to infections due to pregnancy.22,23 Pregnancy is 

an immunomodulated state, with increased susceptibility to some infections and alterations 

in the inflammatory response triggered by infections such as influenza.24,25 In addition, 

pregnant women have unique risks of puerperal infections such as chorioamnionitis, 

endometritis, mastitis, and abdominal or perineal wound infections.26 Infection is a 

significant contributor to maternal morbidity and remains the third leading cause of maternal 

death in the US.2 Sexually transmitted infections such as Chlamydia trachomatis are 

common in young women and may go undetected, particularly in women with low access to 

prenatal care.27 Interestingly, respiratory infections, which have been associated with IS in 

other studies, were uncommon in our cohort.20,28,29 However, it is notable that the influenza 

subgroup was the only infection subgroup to show a statistically significant difference 

between the stroke and non-stroke groups. This finding is consistent with prior studies in 

other populations that have shown that influenza is associated with particular risk for 

ischemic stroke, and raises the possibility that improving influenza vaccination rates among 

pregnant women might reduce the risk of postpartum stroke.20,30

The mechanisms by which infections could lead to an increased risk of maternal IS warrant 

investigation. Infections increase the risk of preeclampsia, with proposed mechanisms 

including increased oxidative stress and pro-inflammatory cytokines, endothelial 
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dysfunction, and a shift from Th2 to Th1 inflammatory profile.31–33 Similar mechanisms 

may be involved in the increased risk of postpartum stroke. In addition, alterations in the 

maternal oral, gut and vaginal microbiome have been linked to preterm birth, excessive 

maternal weight gain, and chorioamnionitis,34,35 possibly due to chronic inflammation, 

which has also been shown to increase stroke risk.36 Infection-induced platelet activation 

likely also plays a role, especially in the setting of pregnancy-related hypercoagulability; this 

is supported by our finding that an effect of infection was seen for IS but not HS.

Our study has limitations. Despite our use of validated diagnostic codes, administrative data 

are limited and strokes may have been over- or under-diagnosed. In addition, strokes may 

have been misclassified as hemorrhagic, for example if a woman had hemorrhagic 

transformation of an ischemic stroke, or hemorrhage due to a venous sinus thrombosis. 

Similarly, infections may have been over- or under-diagnosed, leading to misclassification. 

Since the NRD does not contain information about medication use, it is impossible to know 

whether infections were treated, and whether the increased risk of stroke was due to 

infection itself, or the treatment (or lack of treatment) for the infection. The use of a higher 

threshold for significance (alpha of 10%) for interaction may have led to increased Type 1 

error, although our stratified analyses suggested effect modification between HDP and 

infection. The use of an obstetric comorbidity index not designed specifically to estimate 

stroke risk may have led to under- or overestimation of comorbidity risk, although our 

secondary analysis adjusting separately for stroke risk factors showed similar effect sizes. As 

a retrospective, observational study, our results should be interpreted with caution.

The lack of race or ethnicity data in the NRD is an important limitation of our study. 

Research has consistently shown racial disparities in maternal morbidity and mortality 

outcomes.37–39 Future studies in other large databases should address whether the effect of 

infection on postpartum ischemic stroke differs by race or ethnicity.

Strengths of our study include its large size and use of a nationwide weighted database, 

allowing study of a rare disease, and making the results highly generalizable to 

geographically and ethnically diverse populations within the US. In addition, among 

administrative datasets, the NRD offers the unique advantage of confirming that the 

infection temporally preceded the stroke, since we excluded all delivery admissions that 

included a diagnostic code for stroke, although it is possible that some strokes may have 

been missed initially and only diagnosed upon readmission. We used only well-validated 

diagnostic codes to identify our outcomes, excluding codes for transient ischemic attack and 

other less reliable codes.40,41

SUMMARY/CONCLUSIONS:

Infection during delivery hospitalization was associated with increased risk of readmission 

for ischemic, but not hemorrhagic stroke within 30 days postpartum. Infection may play a 

role in triggering postpartum ischemic stroke, particularly in women without other risk 

factors such as gestational hypertension or preeclampsia. Women with infections during 

delivery admissions should be counseled on signs and symptoms of stroke, and may warrant 

closer postpartum follow-up.
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Figure 1. Infections during US delivery hospitalizations, 2010–2014.
Legend: Percentage of women with infections diagnosed during delivery hospitalizations 

who were (red) and were not (blue) readmitted for any stroke within 30 days of delivery. 

GU: genitourinary. UTI: urinary tract infection. Resp: respiratory infection. PNA: 

pneumonia. STI: sexually transmitted infection. Diagnostic codes used to identify infections 

are included in eTable 1. *p<0.05
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TABLE 1.

Characteristics of women delivering in 2010–2014, with and without readmission within 30 days for any 

stroke

No stroke readmission
(n= 17,215,614)

Stroke readmission within 30 days 
(n=2128)

n (%) n (%) p-value

1 or more infection during delivery hospitalization 876,633 (5.1) 154 (7.3) 0.01

Median age in years (interquartile range) 27.4 (22.8–31.8) 30.0 (25.1–34.2) <0.0001

Age category

<0.0001

15–19 years 1,400,688 (8.1) 72 (3.4)

20–29 years 8,829,809 (51.3) 891 (41.9)

30–39 years 6,474,000 (37.6) 1019 (47.9)

>40 years 508,988 (3.0) 146 (6.9)

Payer status

0.11

Medicare 106,852 (0.6) 24 (1.1)

Medicaid 7,381,006 (42.9) 1018 (47.9)

Private insurance 8,839,651 (51.4) 992 (46.6)

Self pay 273,093 (1.6) 22 (1.0)

No charge 10,788 (0.1) suppressed*

Other 554,310 (3.2) 59 (2.8)

Median income by ZIP code

0.0006

Quartile 1 (low) 4,790,694 (27.8) 740 (34.8)

Quartile 2 4,208,781 (24.5) 518 (24.3)

Quartile 3 4,245,785 (24.7) 453 (21.3)

Quartile 4 (high) 3,789,326 (22.0) 402 (18.9)

Hospital bed size

0.13
Small 1,933,454 (11.2) 208 (9.8)

Medium 4,524,196 (26.3) 508 (23.9)

Large 10,755,836 (62.5) 1412 (66.3)

Hospital teaching status*

0.007
Metropolitan non-teaching 6,340,768 (36.8) 753 (35.4)

Metropolitan teaching 9,008,145 (52.3) 1218 (57.2)

Non-metropolitan 1,864,573 (10.8) 157 (7.4)

Mean delivery length of stay in days 2.69 3.15 0.0008

Cesarean delivery 5686377 (33.0) 863 (40.6) <0.0001

Maternal comorbidity index

<0.00011 comorbid condition 4,589,518 (26.7) 645 (30.3)

2 or more conditions 1,281,976 (7.5) 319 (15.0)

Chronic hypertension without preeclampsia 290798 (1.7) 89 (4.2) <0.0001
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No stroke readmission
(n= 17,215,614)

Stroke readmission within 30 days 
(n=2128)

n (%) n (%) p-value

Hypertensive disorder of pregnancy (gestational 

hypertension, preeclampsia or eclampsia)*
1,376,067 (8.0) 294 (13.8) <0.0001

*
Cells with numbers fewer than 10 suppressed according to HCUP guidelines.
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TABLE 2.

Stroke readmission rates among women delivering in 2010–2014

Number of deliveries Number of stroke readmissions Postpartum stroke readmission rate per 100,000 
deliveries (95% CI)

30 day readmissions

Any stroke 17,215,614 2128 12.4 (11.9, 12.9)

Ischemic stroke 17,215,614 720 4.2 (3.9, 4.5)

Hemorrhagic stroke 17,215,614 1189 6.9 (6.5, 7.3)

ICH 457

SAH 646

Both ICH and SAH 87

60 day readmissions

Any stroke 15,699,588 2192 14.0 (13.3, 14.6)

Ischemic stroke 15,699,588 825 5.3 (4.9, 5.6)

Hemorrhagic stroke 15,699,588 1183 7.5 (7.1, 8.0)

CI: confidence interval. ICH: Intracerebral hemorrhage. SAH: Subarachnoid hemorrhage. Ischemic stroke did not include transient ischemic attack 
(see Supplemental Table 2 for codes used). Stroke type could not be ascertained in all cases.
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TABLE 3.

Discharge disposition for US women after re-admission within 30 days of delivery for any stroke, 2010–2014 

(n=2128)

Home 1617 (76.0%)

Other acute care hospital 45 (2.1%)

Skilled nursing or other long term facility 160 (7.5%)

Left against medical advice 21 (1.0%)

Died 69 (3.3%)
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TABLE 4.

Relative risk of readmission for stroke within 30 and 60 days among women with infections during delivery 

hospitalization

Unadjusted Adjusted

RR 95% CI RR 95% CI

All stroke, 30 day readmission 1.46 1.24, 1.72 1.19 1.01, 1.41

All stroke, 60 day readmission 1.48 1.26, 1.74 1.21 1.03, 1.42

Ischemic stroke, 30 days 2.27 1.79, 2.87 1.75 1.37, 2.22

Ischemic stroke, 60 days 2.24 1.79, 2.79 1.71 1.36, 2.14

Hemorrhagic stroke, 30 days 1.13 0.88, 1.44 0.96 0.75, 1.23

Hemorrhagic stroke, 60 days 1.12 0.88, 1.43 0.98 0.76, 1.26
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