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Abstract

Objective—The aim of this study is to evaluate the contribution of pre-pregnancy obesity and 

overweight to peripartum cardiomyopathy.

Study Design—This population-based study used linked birth record and maternal hospital 

discharge data from live births in California during 2007 to 2012 (n = 2,548,380). All women 

who had a diagnosis of peripartum cardiomyopathy during the childbirth hospitalization or who 

were diagnosed with peripartum cardiomyopathy during a postpartum hospital readmission within 

5 months of birth were identified as cases. Pre-pregnancy body mass index (BMI, kg/m2) was 

classified as normal weight (18.5–24.9), overweight (25.0–29.9), obesity class 1 (30.0–34.9), 
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obesity class 2 (35.0–39.9), and obesity class 3 (≥40). Because of small numbers, we excluded 

women with underweight BMI, and in some analyses, we combined obesity classes into one 

group. Logistic regression was used to estimate odds ratios (ORs) and 95% confidence intervals 

(CIs) expressing associations between BMI and peripartum cardiomyopathy, adjusted for maternal 

age, race/ethnicity, education, health care payer, parity, plurality, and comorbidities.

Results—The overall prevalence of peripartum cardiomyopathy during hospital admissions was 

1.3 per 10,000 live births (n = 320). Unadjusted ORs were 1.32 (95% CI: 1.01–1.74) for women 

with overweight BMI and 2.03 (95% CI: 1.57–2.62) for women with obesity, compared with 

women with normal pre-pregnancy BMI. Adjusted ORs were 1.26 (95% CI: 0.95–1.66) for 

overweight women and 1.38 (95% CI: 1.04–1.84) for women with obesity. The ORs suggested 

a dose–response relationship with increasing levels of obesity, but the 95% CIs for the specific 

classes of obesity included 1.00.

Conclusion—Pre-pregnancy obesity was associated with an increased risk of peripartum 

cardiomyopathy. These findings underscore the importance of BMI during pregnancy. There is 

a need to recognize the increased risk of peripartum cardiomyopathy in women with high BMI, 

especially in the late postpartum period.
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Peripartum cardiomyopathy is an idiopathic dilated cardiomyopathy that typically presents 

toward the last month of pregnancy or within 5 months following childbirth. Peripartum 

cardiomyopathy is a serious condition with the outcome ranging from a relatively benign 

course with full recovery to major organ system dysfunction including congestive heart 

failure, residual left ventricular systolic dysfunction, heart transplantation, cardiac arrest, 

acute kidney injury, and even death.1-3 In recent decades, the prevalence of peripartum 

cardiomyopathy has increased in the United States.4,5 The reported prevalence in the United 

States varies from two to nine cases per 10,000 live births, with a case fatality rate of 3 to 

6%.2,4-10 Based on national data from 2011 to 2015, cardiomyopathy was the leading cause 

of maternal mortality in the late postpartum period (42–365 days), accounting for 45% of all 

such deaths.11

The etiology of peripartum cardiomyopathy remains unknown. Early evidence suggested 

nutritional deficiencies play a role as increased risk of peripartum cardiomyopathy was 

reported among women who were malnourished.12,13 Recent studies do not support 

this relationship; rather, evidence suggests peripartum cardiomyopathy to be a type of 

myocarditis arising from an infectious, autoimmune, or idiopathic process.9,12,13 Other 

studies suggest that peripartum cardiomyopathy and hypertensive disorders may share 

pathophysiology.14-16 A meta-analysis of 22 studies (n = 979 cases) showed that pregnancy

related hypertensive disorders are associated with peripartum cardiomyopathy, with the 

prevalence of preeclampsia being four times higher among women with peripartum 

cardiomyopathy.14 In addition, the prevalence of peripartum cardiomyopathy is higher 

among women with non-Hispanic Black race/ethnicity, age > 35 years old, and prolonged 

use of tocolytics.4-6,8,9,17-21
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One potential explanation for the increasing prevalence of peripartum cardiomyopathy is the 

increasing prevalence of obesity.22 In the United States, the prevalence of pre-pregnancy 

obesity increased from 13% in 1994 to 26% in 2015.22 Both pregnancy and obesity 

place a burden on the heart and increase susceptibility to potential problems, such as 

cardiomyopathy.23 Obesity cardiomyopathy has been recognized as a myocardial disease 

in nonpregnant obese individuals that cannot be explained by other etiologies.24 Prior 

studies are suggestive of an association of maternal obesity with the development of 

peripartum cardiomyopathy but have had important limitations.2,8,16,25-27 In particular, 

some have used diagnostic billing codes to identify obesity, which is known to have poor 

sensitivity2,25-27 or lacked access to postpartum records, although a large proportion of cases 

occur after childbirth hospitalization.2,25 Some studies have also included women with other 

known heart conditions, which may misclassify women with peripartum cardiomyopathy,25 

had small sample sizes16 or were restricted to maternal deaths related to peripartum 

cardiomyopathy although the vast majority of women survive.8

The objective of this study was to determine the association of pre-pregnancy BMI with 

peripartum cardiomyopathy, using data from more than 2.5 million women who gave birth in 

California from 2007 to 2012.

Materials and Methods

Information on 3,039,568 live births that occurred in California hospitals between January 

1, 2007 and December 31, 2012 was obtained from birth certificates and maternal 

hospital discharge data, which were linked by the Office of Statewide Health Planning 

and Development. For each year of births, the data files contained linked information on 

maternal hospitalizations during pregnancy through 9 months postpartum. Maternal height 

and weight were added to the California birth certificates in 2007, and linked data after 2012 

were not available at the time of analysis; thus, we focused our analyses on birth cohorts 

from 2007 to 2012. Each birth cohort file contains International Classification of Diseases, 

Ninth Revision, Clinical Modification (ICD-9-CM) codes for up to 25 diagnoses and 21 

procedures during each hospitalization that are recorded as well as data recorded on birth 

certificates. Over 98% of the births had successful linkage of maternal discharge and birth 

certificate data.

The primary outcome of peripartum cardiomyopathy was identified using ICD-9-CM 

diagnosis code 674.5. All women who had a diagnosis of peripartum cardiomyopathy during 

the childbirth hospitalization or during a postpartum hospital readmission within 5 months 

of birth were identified as cases. Because peripartum cardiomyopathy is a diagnosis of 

exclusion, we followed the approach of previous studies2,26,28 that used administrative data 

and excluded women with diagnosis codes for the following other cardiovascular conditions: 

heart valve disease, congenital heart disease, conduction disorders and cardiac dysrhythmias, 

pulmonary circulation disease/other and ill-defined heart disease/coronary atherosclerosis, 

hypertensive congestive heart failure, unspecified cardiovascular diseases, or nonperipartum 

cardiomyopathy (►Fig. 1; ICD-9-CM diagnosis codes provided in ►Supplementary Table 

S1 [available in the online version]). Before these diagnostic exclusions, there were 1,180 

women with an ICD-9-CM diagnosis code for peripartum cardiomyopathy; 68% (n = 
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805) of them were excluded because they had other heart disease diagnosis codes. In a 

sensitivity analysis, we included women with these diagnoses when identifying peripartum 

cardiomyopathy cases to be able to compare our results to those of prior studies.25

We also excluded women with underweight BMI because the number of potential cases 

with underweight BMI was small (n = 28). After these exclusions, there were 2,880,866 

births, including 372 cases, eligible for analyses. Among these births, 2,548,380 (320 cases) 

were not missing data on pre-pregnancy BMI or covariates and were included in analyses. 

The State of California Committee for the Protection of Human Subjects and the Stanford 

University Research Compliance Office approved the study protocol.

Pre-pregnancy overweight and obesity were the exposures of interest. They were assessed 

using pre-pregnancy BMI calculated as weight in kilograms divided by height in 

meters squared. Pre-pregnancy weight and height are largely self-reported at childbirth 

hospitalization. Pre-pregnancy weight <75 lbs or >450 lbs and height <48 in or >78 in were 

considered implausible. Pre-pregnancy BMI was classified as normal weight (18.5–24.9), 

overweight (25.0–29.9), obesity class 1 (30.0–34.9), obesity class 2 (35.0–39.9), and obesity 

class 3 (≥40). Obesity (≥30) was also assessed as one group due to the small number of 

cases when separating obesity classes.

Potentially confounding factors were determined a priori based on previous 

evidence.2,4,6,7,10,16,25-27,29 Covariates obtained from the birth certificate included mother’s 

race/ethnicity (foreign-born Hispanic/Latina, U.S.-born Hispanic/Latina, non-Hispanic 

white, Asian/Pacific Islander, non-Hispanic Black, other), level of education (less than 

high school degree, high school degree equivalent, higher than high school degree), 

health care payer (nonprivate insurance or private insurance), age, parity (primiparous 

or multiparous), and plurality (singleton or multiple birth). Maternal comorbidities 

were identified if present in the hospitalization record orbirth certificate; they included 

pre-pregnancy diabetes, pre-pregnancy hypertension, and pregnancy-related hypertensive 

disorders (gestational hypertension, preeclampsia, or eclampsia; ICD-9-CM diagnosis codes 

provided in ►Supplementary Table S1 [available in the online version]).

We compared characteristics of women with and without peripartum cardiomyopathy 

using Chi-square tests, t-tests, and Fisher’s exact test. We then used logistic regression 

to estimate odds ratios (OR) and 95% confidence intervals (CI) for the associations 

between pre-pregnancy BMI and peripartum cardiomyopathy. Given the rarity of peripartum 

cardiomyopathy, we consider the OR a close approximation of the relative risk. We 

conducted unadjusted models and then adjusted for race/ethnicity, education, health care 

payer, age, parity, plurality, pre-pregnancy diabetes, and pre-pregnancy hypertension. As 

a sensitivity analysis, we also conducted the regression models among women without 

pregnancy-related hypertensive disorders to determine whether associations persisted 

among these women and because simply adjusting for them would be inappropriate 

due to temporality issues (i.e., they emerge subsequent to the main exposure, pre

pregnancy BMI). We additionally repeated analyses using a broader case ascertainment of 

peripartum cardiomyopathy that does not exclude cases with diagnoses of nonperipartum 

cardiomyopathy or other heart conditions. This was done to facilitate comparison of our 
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findings with other studies.25 A p-value <0.05 was considered statistically significant. SAS 

9.4 was used for statistical analysis.

Results

Peripartum cardiomyopathy occurred in 320 of the 2,548,380 live births included in 

analyses, yielding a prevalence of 1.3 per 10,000 births. Relative to women who were 

included in the analyses, women who were excluded due to missing or implausible data 

were slightly more likely to have peripartum cardiomyopathy (1.6 per 10,000 live births) and 

to have normal BMI, foreign-born Hispanic ethnicity, less than high school education, and 

non-private insurance; they were similar with respect to comorbidities (►Supplementary 

Table S2 [ available in the online version]).

Among the cases, 134 (42%) were diagnosed with peripartum cardiomyopathy during 

childbirth hospitalization and 186 (58%) were first diagnosed during a postpartum 

readmission within 5 months of giving birth. Relative to women without peripartum 

cardiomyopathy, women with peripartum cardiomyopathy were more likely to have non

Hispanic Black race/ethnicity, greater than high school education, older age, nulliparity, 

early gestational age at birth, nonsingleton birth, pre-pregnancy diabetes or hypertension, 

and pregnancy-related hypertensive disorders (►Table 1).

The prevalence of peripartum cardiomyopathy increased monotonically across the BMI 

categories, from 1.0 per 10,000 live births for women with normal BMI, to 3.4 for women 

with class 3 obesity (►Table 2). Increasing pre-pregnancy BMI category was associated 

with increasing odds of peripartum cardiomyopathy in unadjusted regression models 

(►Table 2). After adjusting for confounders, odds ratios were attenuated—especially for 

obesity. Confidence intervals included the null for all BMI categories except for obesity 

class 3 (OR: 1.57, 95% CI: 1.00–2.47) and all obesity classes combined (OR: 1.38, 95% CI: 

1.04–1.84).

When we excluded women with pregnancy-related hypertensive disorders, adjusted odds 

ratios were 1.47 (95% CI: 1.04–2.07) for women with overweight BMI (vs. 1.26 before 

the exclusion) and 1.32 (95% CI: 0.91–1.92) for women with obese BMI (vs. 1.38 

before the exclusion), compared with women with normal BMI (►Supplementary Table S3 

[ available in the online version]). When we used the broader case definition of peripartum 

cardiomyopathy that included women with diagnoses of nonperipartum cardiomyopathy 

or other heart disease, the prevalence of peripartum cardiomyopathy was 3.8 per 10,000 

live births (►Supplementary Table S4 [ available in the online version]). The adjusted 

odds ratios were 1.10 (95% CI: 0.93–1.29) and 1.22 (95% CI: 1.04–1.44) for women with 

overweight and obese BMI, respectively.

Discussion

In this population-based dataset of more than 2.5 million women, the prevalence of 

peripartum cardiomyopathy increased with severity of overweight and obesity. After 

adjusting for eight covariates including maternal age and race/ethnicity, obesity was 

associated with a 38% increase in risk of peripartum cardiomyopathy relative to women 
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with normal BMI. The adjusted risk was slightly attenuated to 32% after excluding women 

with pregnancy-related hypertensive disorders and further reduced to 22% when we used 

a broader definition that included cases with other reported heart disease. Overall, our 

results suggest that maternal obesity is associated with peripartum cardiomyopathy. The risk 

is relatively modest but important given the high prevalence of obesity and the potential 

severity of peripartum cardiomyopathy.

Prior evidence suggests an association between obesity and peripartum cardiomyopathy but 

is limited. Two prior studies that examined U.S. hospital births and antenatal data reported 

that obesity was more common among women with peripartum cardiomyopathy; the first 

reported a 1.4-fold higher risk of peripartum cardiomyopathy with obesity,25 and the second 

reported an approximate twofold higher risk after adjustment for several covariates.2 An 

additional study of insurance claims data reported an unadjusted 1.5-fold increased risk 

of peripartum cardiomyopathy among obese women.26 The first study did not exclude 

women with other heart disease when identifying their study population and all three studies 

used ICD-9-CM diagnosis codes to identify pre-pregnancy obesity, although it is well 

recognized that obesity is highly under-reported by these codes in administrative data.30,31 

A study of 60 women with peripartum cardiomyopathy in Denmark did use high-quality 

BMI and peripartum cardiomyopathy data and reported that women with obesity were 

at approximately twofold increased risk of cardiomyopathy.16 Maternal mortality studies 

provide additional evidence of increased peripartum cardiomyopathy risk among women 

with obesity. Hameed et al8 reported that out of 42 pregnancy-related cardiomyopathy 

deaths among women who gave birth in California from 2002 to 2006, 26% (n = 11) 

occurred among overweight women and 43% (n = 18) among obese women. Another 

study, of a large sample of U.S. births, reported that the case-fatality rate for peripartum 

cardiomyopathy was twofold higher for women who were obese, but the estimate was 

imprecise (adjusted OR: 1.95, 95% CI: 0.23–16.3).27 Compared with previous studies, we 

observed similar relative measures of association; our study observed an unadjusted twofold 

increased risk and an adjusted 1.4-fold increased risk of peripartum cardiomyopathy among 

women with obese BMI. Our study additionally observed an adjusted 1.3-fold increased 

risk of peripartum cardiomyopathy among women with obese BMI when we excluded 

women with pregnancy-related hypertensive disorders, and an adjusted 1.2-fold increased 

risk when we used a broader case definition of peripartum cardiomyopathy. These estimates 

suggested that pre-pregnancy obesity was associated with an increased risk of peripartum 

cardiomyopathy.

The prevalence of peripartum cardiomyopathy in this study was 1.3 per 10,000 births, 

which is lower than some previous studies; these studies have reported prevalences of two 

to four cases per 10,000 births and used varied approaches to identify cases.6,7,9,25 We 

used a conservative case ascertainment approach to minimize misclassification of other 

heart conditions as peripartum cardiomyopathy is defined by exclusions. Our approach 

may explain why our calculated prevalence is low compared with other studies. However, 

some other studies have reported prevalences similar to our study.16,25,28 When we ran the 

sensitivity analysis including women with diagnoses for nonperipartum cardiomyopathy or 

other heart disease, the prevalence was 3.8 per 10,000 births— which is more in alignment 

with previous studies. Associations between obesity and peripartum cardiomyopathy 

Cho et al. Page 6

Am J Perinatol. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



remained but were some-what attenuated when using this broader case definition. Obesity 

is likely associated with other cardiac outcomes in the peripartum period,8 which could 

have contributed to this finding; examining other specific cardiac conditions merits future 

investigation.

An association of obesity with peripartum cardiomyopathy has biologic plausibility. Obesity, 

with its related hemodynamic changes, is known to cause structural remodeling of the 

heart.32,33 Changes such as increased left ventricular wall thickness and mass along 

with left ventricular dilation are thought to be directly related to the excessive adipose 

tissue,33 which increases blood volume and stroke volume and may lead to ventricular 

dilation.33,34 Ventricular dilation diminishes myofibril shortening, which may result in 

reduced systolic myocardial contraction and increased wall stress.33-35 These changes 

over time may cause ventricular hypertrophy and/or dilation with resultant diastolic and/or 

systolic dysfunction which may manifest as heart failure. Pregnancy also causes physiologic 

changes in the cardiovascular system including decreased systemic vascular resistance with 

resultant tachycardia and increased cardiac output due to the increased stroke volume. The 

cardiovascular changes related to obesity coupled with the hemodynamic stress of pregnancy 

may result in cardiac decompensation in the form of peripartum cardiomyopathy. In 

particular, it is important to recognize that this susceptibility extends to the late postpartum 

period.

This study has several limitations common to retrospective studies utilizing large 

administrative hospital databases. Peripartum cardiomyopathy diagnoses and some 

covariates using administrative data and ICD-9-CM diagnosis codes are prone to 

underreporting for rare maternal conditions.36 In particular, the ICD-9-CM code for 

peripartum cardiomyopathy was introduced in 2003 and has not been systematically 

validated.25 Compared with earlier years, the ICD-9-CM code offers more specific 

peripartum cardiomyopathy diagnosis,2,5,25 but we did not have access to patient-level 

medical records to verify its accuracy (e.g., left ventricular systolic function, other 

biomarkers, and no prior occurrence of cardiomyopathy). Thus, we indirectly confirmed 

the peripartum cardiomyopathy diagnosis by excluding women who had other heart disease 

in their medical record, following the approach of prior studies.2,26,28 Pre-pregnancy weight 

used in assessing maternal BMI was either self-reported by the mother or measured and 

reported by health professionals. Self-reported pre-pregnancy weight may incur bias due 

to measurement error. However, a systematic review on the accuracy of self-reported 

pregnancy-related weight concluded that although individuals with overweight or obesity 

underreport pre-pregnancy weight, the magnitude of error tends to be small (0.3–3 kg) and 

largely does not bias associations with birth outcomes.37 Underreporting of pre-pregnancy 

weight may imply that more women with overweight or obesity are misclassified, thus 

attenuating the true possible link between obesity and peripartum cardiomyopathy. We 

recognize that pre-pregnancy BMI is only one aspect of women’s weight and further studies 

are needed to assess the relationship between gestational weight gain and risk of peripartum 

cardiomyopathy.38-41 Our study used California data, which may limit the generalizability 

of the results. However, one in eight U.S. births occur in California,42 and California is a 

state with relatively diverse demography and geography.43 Finally, this study did not include 

peripartum cardiomyopathy cases that were only diagnosed at autopsy.
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Important strengths of our study are that we had access to data on a large, diverse population 

that enabled examination of peripartum cardiomyopathy through 5 months postpartum; 

reported rather than code-based data on maternal body mass index; and the ability to 

examine levels of obesity. To sufficiently study obesity and peripartum cardiomyopathy, one 

needs to have data on pre-pregnancy weight and height in addition to diagnosis codes from 

childbirth through 5 months postpartum in a very large population because of the rarity 

of this very severe disease. The linked data used for this study had these qualities. Most 

epidemiologic studies examining peripartum cardiomyopathy have none to very limited 

access to postpartum data.2,25,29 These studies fail to capture the full 5-month postpartum 

follow-up data, which accounted for more than half of the cases in our study. Using pre

pregnancy height and weight data from the birth certificate to calculate BMI is preferable to 

reporting from ICD-9-CM codes, and we were able to examine the less common extremes of 

BMI (obesity class 3). We also examined whether the association still held after excluding 

women with pregnancy-related hypertensive disorders, which further contributes to our 

understanding of the independent contribution of obesity to peripartum cardiomyopathy. 

This is particularly important, given that 38% of women with peripartum cardiomyopathy 

had pregnancy-related hypertensive disorders, versus only 6% of women who did not have 

this outcome. Future studies, with similar features regarding data quality, are needed to 

replicate our findings. We adjusted for a variety of potential confounders, which we chose 

a priori. Other factors in the dataset could also be potential confounders but tend to be 

relatively uncommon and/or under-reported (e.g., 0.22% of women had ICD-9 codes for 

autoimmune disorders, 1.14% had codes for substance use disorders) (►Supplementary 

Table S5 [available in the online version]).

Pre-pregnancy obesity was associated with an increased risk of peripartum cardiomyopathy. 

These findings underscore the importance of reducing pre-pregnancy obesity to improve 

health outcomes. Additionally, there is a need to recognize and manage the increased risk of 

peripartum cardiomyopathy in women with high BMI, especially in late postpartum period.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

• Pre-pregnancy obesity affects maternal health.

• Effects may extend to peripartum cardiomyopathy.

• The risk includes peripartum cardiomyopathy that emerges postpartum.
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Fig. 1. 
Selection of study population. Numbers of peripartum cardiomyopathy cases are shown in 

parentheses.
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