
Validity of maternal and infant outcomes within nationwide 
Medicaid data

Kristin Palmsten, Krista F. Huybrechts, Mary K. Kowal, Helen Mogun, and Sonia 
Hernández-Díaz
Department of Epidemiology, Harvard School of Public Health, Boston, Massachusetts (Kristin 
Palmsten, Sonia Hernández-Díaz); Department of Pediatrics, University of California, San Diego, 
La Jolla, California (Kristin Palmsten); Division of Pharmacoepidemiology and 
Pharmacoeconomics, Department of Medicine, Brigham and Women’s Hospital and Harvard 
Medical School, Boston, Massachusetts (Krista F. Huybrechts, Mary K. Kowal, Helen Mogun)

Abstract

Purpose—The aim of this study is to assess the validity of preeclampsia, congenital cardiac 

malformations, and persistent pulmonary hypertension of the newborn (PPHN) diagnoses in the 

US Medicaid Analytic eXtract (MAX), a nationwide healthcare utilization database that may be 

useful for perinatal research.

Methods—Using the 2000–2007 MAX, we identified more than 1 million pregnancies ending in 

live birth. We identified potential cases based on claims, reviewed their hospital medical records, 

and calculated the positive predictive values (PPV) and 95% confidence intervals using records as 

the reference.

Results—Among 183 women with any preeclampsia diagnoses, the PPV was 66.5% (53.6, 

77.4%), but it increased to 94.5% (84.0, 98.3%) for inpatient preeclampsia diagnoses. The PPV for 

inpatient PPHN diagnoses (N=82) was 68.3% (57.6, 77.4%), but it increased to 89.6% (CI: 77.8, 

95.5%) when restricting to infants not transferred to another facility shortly after birth (N=48). 

The PPV for cardiac malformations was 77.6% (65.7, 86.2%) when requiring inpatient codes on 

more than one date (N=63).

Conclusions—These PPVs are conservative, particularly when patients were transferred or 

received outpatient diagnoses, because we reviewed records from a single hospitalization only. 

PPVs improve with stringent identification criteria, at the cost of sensitivity, and can be used to 

correct for measurement error.
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Introduction

Medicaid is the state and federal health insurance program for low income individuals in the 

United States, and Medicaid reimburses the medical expenses of over 40% of births in the 

US.1 The Medicaid Analytic eXtract (MAX) contains beneficiary enrollment and healthcare 

utilization claims, including outpatient pharmacy dispensings and inpatient and outpatient 

diagnostic and procedure claims,2 and may be a valuable resource for studies of medication 

use and safety in pregnancy.3–6 We previously identified a cohort of over 1 million pregnant 

women and their live born infants from nationwide MAX data.7

Because healthcare utilization data are collected for administrative and payment purposes,8 

investigators using these databases for research should identify potential threats to study 

validity and implement strategies to address these limitations. In particular, outcome 

diagnoses recorded in MAX should be validated with medical records to inform the 

operational outcome definitions and to correct for measurement error through sensitivity 

analyses used in epidemiologic studies.9

The accuracy of diagnoses for pregnancy complications, delivery characteristics, and 

neonatal outcomes recorded in hospital discharge and healthcare claims databases, compared 

with information available in medical records, varies depending on the factor of interest and 

the data source.10–22 Cooper et al described the validity of congenital malformation 

diagnoses among Medicaid beneficiaries in Tennessee.22 Hennessy et al described the 

validation of sudden cardiac death and ventricular arrhythmia diagnoses in Medicaid and 

Medicare data from 5 states.23–24 However, there are no previous studies that validate 

pregnancy-related factors recorded in nationwide Medicaid data.

We conducted studies of antidepressant use during pregnancy and risk for preeclampsia, 

persistent pulmonary hypertension of the newborn (PPHN), and congenital cardiac 

malformations (in particular ventricular septal defect (VSD), right ventricular outflow tract 

obstruction (RVOTO), and other cardiac malformations because of previously reported 

associations between antidepressants and VSD and RVOTO). Our primary goal was to 

assess the validity of these outcomes identified from MAX data using hospital medical 

records as the reference standard to inform our studies of antidepressant safety during 

pregnancy. We also wanted to assess the accuracy of outcomes for users and non-users of 

antidepressants and were able to do so for potential preeclampsia cases because of adequate 

numbers. Finally, we assessed additional obstetric factors using the records available from 

potential cases: multiparity, labor induction, cesarean delivery, and preterm delivery.

Methods

Study population

We conducted this validation study within a cohort of pregnancies ending in live birth that 

had previously been identified from 2000–2007 MAX data.7 Briefly, women with delivery-

related diagnoses and procedures were identified. Then, live-born infants were linked to 

these women by matching state, Medicaid Case Number, and maternal delivery dates with 

infant date of birth. Four major maternal eligibility criteria were required for cohort 
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inclusion: continuous enrollment in Medicaid, no private insurance, no restricted benefits, 

and appropriate enrollment type. The eligible subcohort size varies for each outcome of 

interest depending on the minimum eligibility period length and additional infant eligibility 

criteria required for each antidepressant safety study (Figure 1). This project was approved 

by the Brigham and Women’s Hospital and Harvard School of Public Health Institutional 

Review Boards and a data use agreement was approved by the Centers for Medicare and 

Medicaid Services (CMS).

Step 1: Identification of potential cases—The criteria we used to identify pregnancies 

with the primary outcomes are listed in Table 1. We used both maternal and infant codes to 

identify PPHN and cardiac malformations because infant’s claims may be recorded under 

the mother’s ID for the first several months after birth.25 Because a review of claims profiles 

suggested that just 1 diagnostic code for VSDs or RVOTOs may indicate a rule-out 

diagnosis, only individuals with diagnostic codes for VSDs or RVOTOs on at least two 

dates were classified as potential VSD and RVOTO cases.

Step 2: Exclusion of potential cases without hospital contact information—
MAX data contain a state assigned hospital identifier, the Medicaid Billing Provider 

Number, but there was no centralized list of contact information for these identifiers.26 

Therefore, it was not possible to contact hospitals for claims validation using this identifier. 

Hospital contact information is available from the National Plan and Provider Enumeration 

System downloadable file27 for the Medicare Provider Number available in Medicare 

inpatient data. Consequently, we created a database of hospital contact information by 

identifying the Medicare Provider Number that corresponded to the Medicaid Billing 

Provider Number. Among all pregnancies identified as having preeclampsia, PPHN, and 

cardiac malformations, we linked hospitalizations to the Medicare Provider Number, when 

available in the database, to obtain contact information. Pregnancies with no hospital contact 

information were excluded.

Step 3: Selection of a sample of potential cases for validation—Because of study 

feasibility and cost constraints, we selected for validation a sample of the potential cases 

with hospital information available. Our goal was to select 100 to 200 potential cases for 

each outcome group of interest. To assess preeclampsia validity by depression diagnoses and 

antidepressant use, we stratified potential preeclampsia cases according to depression-

related diagnoses (International Classification of Diseases (ICD)-9 codes 296.x, 300.x, 

309.x, 311.x) and antidepressant dispensings and sampled women from each stratum. Given 

the smaller pool of potential cases with available hospital information, all potential PPHN 

and cardiac malformation cases with hospital information available at the time of delivery 

were selected for validation. In addition, we selected a sample of potential cardiac 

malformation cases for which hospital information was not available at the time of delivery 

but was available for a subsequent hospitalization after the time of delivery (Figure 1).

Step 4: Social Security Number (SSN) linkage—MAX data do not contain direct 

personal identifiers such as names and addresses. However, SSNs can be requested from 

CMS for selected individuals. A CMS data vendor provided SSNs for potential cases to the 
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vendor that conducted the medical record abstraction. Investigators did not have access to 

SSNs or other personal identifiers.

Step 5: Medical record request—We requested that hospitals send the medical records 

of women identified as having preeclampsia and of infants identified as having PPHN or 

cardiac malformations based on claims. Of note, only SSN and date of birth were provided 

to the hospitals to identify the records because we did not have access to names, addresses, 

or other personal information. Because SSNs may not be assigned until after the time of 

birth, the mothers’ SSNs and the infants’ SSNs when available, were provided to locate the 

infants’ records. Medical records were requested for 425 preeclampsia, 257 PPHN and 660 

cardiac malformation potential cases (specifically 95 VSD, 24 RVOTO, and 541 other 

cardiac malformation potential cases). Written requests for records of interest were sent to 

380 hospitals from 35 states. Hospitals that did not respond to the initial request were sent a 

second request and were contacted by phone.

We used information from the 2009 American Hospital Association Annual Survey 

Database to describe the characteristics of all hospitals in the US, hospitals that were sent a 

medical record request, and hospitals that fulfilled the request; we were unable to obtain 

hospital characteristics for all hospitals identified as having a potential case because of 

unavailable Medicare Provider Numbers. We described maternal characteristics available in 

claims data of potential cases that had medical records available and those of potential cases 

that did not have records available, either because we did not request a record or because the 

hospital did not send the requested record.

Step 6: Medical record abstraction—Medical records were abstracted by trained 

medical record reviewers using a standardized abstraction database designed by the study 

investigators. The first 50 record abstractions were re-abstracted, compared for quality 

control, and used to refine the abstraction database where necessary. The criteria used to 

confirm the outcomes with the abstracted data are listed in Table 1. We also assessed the 

validity of the definitions for nulliparity, labor induction, cesarean delivery, and preterm 

delivery (Appendix 1) among potential cases.

Step 7: Claims and redacted medical records review—To understand the sources 

of disagreement between claims and medical records, we reviewed the claims in MAX for 

the unconfirmed preeclampsia cases that did not have evidence of high blood pressure or a 

hypertension diagnosis in their delivery record and the claims for all unconfirmed PPHN and 

cardiac malformation cases. We also reviewed redacted medical records when the reasons 

for the inconsistency were unclear from claims alone.

Statistical analysis

We calculated the positive predictive value (PPV), i.e., the proportion of potential cases 

identified from MAX data that were confirmed by hospital medical record review, and 95% 

Wilson confidence intervals (CI). The PPVs for the potential preeclampsia cases were 

weighted to match the proportion of pregnancies in the depression-related diagnosis and 

antidepressant dispensing strata among all potential preeclampsia cases identified. Also, the 

Palmsten et al. Page 4

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2015 June 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



PPVs for the potential cardiac malformation cases were weighted to match the case mix 

distribution (i.e., VSD, RVOTO, and other cardiac malformation cases) among all potential 

cardiac malformation cases identified. In addition, to test and improve our algorithms for 

case identification in MAX, we applied alternative identification criteria. For preeclampsia, 

we restricted potential cases to those diagnosed during a hospitalization or with severe 

preeclampsia or eclampsia ICD-9 codes (642.5x or 6426x). For cardiac malformation, we 

additionally required procedure codes for cardiac surgery (Appendix 2). We also required 

diagnosis for other cardiac malformations on at least two dates. The reference standard 

medical records were from a single hospitalization; therefore, we did not have medical 

records from outpatient visits and from hospitalizations that occurred subsequent to a 

transfer from the original hospital. In secondary analyses, PPVs were estimated for potential 

cases likely to have complete medical record information, i.e., for women who were 

diagnosed with preeclampsia on or before the delivery date, and for infants who were not 

transferred to another hospital.

Results

Record requests were fulfilled by 168 (44%) different hospitals from 32 states. Hospitals 

were unable to fulfill the medical record request for various reasons including the following: 

the record was too old to locate, first and last names were necessary to locate the record, or 

the hospital required a signed letter of patient consent for record release, approval from their 

own institutional review board, or did not participate in research. Compared with all US 

hospitals, those that were sent a record request (i.e., had hospital information available and 

had at least one patient selected for validation) were less often from the Northeast, and were 

more often not-for-profit and accredited by the Joint Commission on Accreditation of Health 

Care Organizations (JCAHO) (Table 2). They also had a residency training program and a 

neonatal intensive care unit more often and had higher volume, as evidenced by higher 

median hospital beds, admissions, births, and personnel. Compared with all hospitals that 

were sent a record request, those that fulfilled the request less often had a residency training 

program and had lower volume.

Of potential cases selected for the record request, records were available for 183 (43%) 

preeclampsia, 82 (32%) PPHN, and 158 (24%) cardiac malformation (29% with records 

requested from the time of delivery, and 12% with records requested from after the time of 

delivery) potential cases. Maternal characteristics are listed in Appendix 3 according to 

whether or not the medical record was available. No consistent differences in maternal 

characteristics were observed across the different outcomes with the exception that medical 

records were available slightly more often for white women.

The PPV for any preeclampsia diagnosis was 66.5% (95% CI: 53.6, 77.4%). When 

restricting to potential cases with the first preeclampsia diagnosis on or before the delivery 

date, the PPV was 69.5% (95% CI: 56.0, 80.3%). The PPV for preeclampsia improved when 

using alternate identification criteria. The PPV was 94.5% (95% CI: 84.0, 98.3%) among 

potential cases with preeclampsia diagnoses recorded during a hospitalization (75% of 

potential cases), and it was 80.3% (95% CI: 53.3, 93.6%) among potential cases with severe 

preeclampsia or eclampsia diagnoses. There was no evidence of differential 
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misclassification by depression diagnosis or antidepressant dispensing status (Table 3). Of 

the 16 potential preeclampsia cases that were unconfirmed and had no evidence of high 

blood pressure or hypertension diagnosis in the delivery record, two had claims for 

preeclampsia diagnoses during the delivery hospitalization recorded in the inpatient claims 

file. The rest had preeclampsia diagnoses recorded in the outpatient claims file only; three 

women had their first preeclampsia diagnosis in the week to month following delivery and 

one had diagnoses both before and after the delivery hospitalization.

The PPV for PPHN was 68.3% (95% CI: 57.6, 77.4%), but when restricting to the potential 

cases that were not transferred to other hospitals (59% of potential cases), the PPV increased 

to 89.6% (95% CI: 77.8, 95.5%). Of the confirmed cases, 95% had evidence of severe 

respiratory distress; 70% had evidence of patent ductus arteriosus, patent foramen ovale, or 

other atrial septal defect, according to their medical record. According to claims profiles, 

unconfirmed PPHN cases typically had other respiratory problems or cardiac malformations 

related to preterm delivery and may have been identified as having PPHN because of a rule-

out diagnosis.

The PPV for any cardiac malformation among potential cases with diagnostic codes on at 

least 2 dates was 77.6% (95% CI: 65.7, 86.2%) overall, and it was 76.2% (95% CI: 54.9, 

89.4%) for VSD, although one of the cases only had patent ductus arteriosus recorded in the 

medical record at the time of hospital discharge (Table 4). The PPV would be 71.4% if that 

case was considered unconfirmed. There were only 3 potential RVOTO cases. The PPV was 

79.5% (95% CI: 64.5, 89.2%) for potential cases with diagnostic codes for other 

malformations on at least 2 dates, and when requiring only 1 diagnosis date, the number of 

potential cases increased from 719 to 3,689, but the PPV decreased to 66.0% (95% CI: 56.1, 

74.6%). From the claims review of the 44 potential cases that did not have evidence of a 

cardiac malformation in their medical record, we identified 7 (16% of the unconfirmed) 

pregnancies in which the mother had claims for the outcome, while the infant appeared to be 

healthy. We identified 9 (21% of the unconfirmed) pregnancies in which the code appeared 

to be a rule out diagnosis or a coding error (i.e., no other codes for cardiac malformations or 

interventions followed). We also identified 16 (36% of the unconfirmed) pregnancies that 

appeared to be cases because of claims for diagnoses on several dates and/or cardiac surgical 

procedures. These claims appeared after a likely hospital transfer or several days after the 

date of birth; therefore the medical records that were available did not cover these time 

periods of interest. The reason for the diagnosis in the remaining 27% was unclear.

Among potential preeclampsia cases, the PPVs for labor induction and cesarean delivery 

were nearly 100% (Table 5), while the PPV for preterm delivery was 75%.

Discussion

Conducting a validation study of MAX data was not straightforward because of the lack of 

personal and hospital identifiers. However, we have gained several important insights 

regarding the accuracy of data for research and the validation process itself. We observed 

that PPVs varied by outcome and identification criteria, ranging from 66–95%. More 

stringent criteria for outcome identification in claims resulted in lower sensitivity and fewer 
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potential cases but higher PPV. Based on the review of claims of unconfirmed cases, it 

seems that the PPVs are conservative estimates.

We only had medical record information available from one hospitalization, which was most 

often from the time of delivery. It is possible that we were unable to confirm preeclampsia 

cases with outpatient diagnoses only because we did not have outpatient medical records 

available. Furthermore, we suspect that we would have confirmed more PPHN and cardiac 

malformation cases if infants’ records were available from hospital transfers and from 

outpatient visits. Many unconfirmed cases had multiple claims for the diagnoses and related 

surgeries in the weeks following delivery and were presumably transferred to a children’s 

hospital with specialized units. The imperfect reference standard resulted in an 

underestimation of the PPV across outcomes, and we believe the PPV estimates would have 

increased if transfer-hospital and outpatient records been available.

Compared with any inpatient or outpatient preeclampsia diagnosis, restriction to 

preeclampsia diagnosis during a hospitalization resulted in higher PPV. If we had access to 

outpatient medical records, we may have confirmed some of the outpatient diagnoses. The 

PPV for a preeclampsia diagnosis made during a hospitalization was similar to or higher 

than findings from previous studies, which were from Sweden and Denmark.10,12 The PPV 

we estimated for preeclampsia among those with severe preeclampsia diagnoses was similar 

to findings from previous US studies.11,16

The PPV for PPHN increased when restricting to cases that were not transferred, i.e., those 

with the most complete reference standard. The true PPV for PPHN is probably between 

68%, the original estimate, and 90%, the estimate restricted to infants that were not 

transferred. The PPVs for cardiac malformations are in line with previous estimates and 

higher than the PPV from birth certificate data.19,22 Cooper et al found that PPVs improved 

when both diagnostic and surgical procedure codes were required.22 We found that requiring 

at least two diagnosis dates or a surgical procedure improved the PPV for cardiac 

malformations, but reduced the number of potential cases of which some were true positives.

The PPV for preterm delivery among potential preeclampsia cases (75%) was the same as 

that found for all women in one study.18 However it was lower than two other studies that 

used more restrictive outcome identification criteria.17,19 Restrictive identification criteria 

for preterm birth would likely improve validity while reducing the number of true cases 

identified; the optimal criteria may depend on the purpose of identifying preterm delivery, 

i.e., to study preterm delivery as an outcome or to estimate gestational length for exposure 

assessment. The validity of labor induction and cesarean delivery was excellent among 

women with preeclampsia diagnoses, and was similar to or higher than previous reports 

from hospital discharge data.14–16 The value of the Medicaid eligibility variable on the 

estimated date of the last menstrual period can be used to identify multiparity in MAX data.

Our study had some additional limitations. First, the records were not randomly selected for 

validation (we had to select cases from those with available hospital contact information), 

and the proportion of requested records that were released for review was between 24–43%. 

However, we demonstrated that potential cases with available records and those without 
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available records were fairly similar with respect to measured maternal characteristics. We 

observed that hospitals that fulfilled record requests were slightly less often teaching 

hospitals and tended to be smaller compared to all hospitals that were sent a record request. 

Our results suggest that the unavailability of medical records for potential cases, primarily 

because of missing hospital identifiers, was random with respect to maternal characteristics, 

and we are assuming that the probability of being a true case does not depend on the 

availability of hospital contact information and the likelihood that the hospitals provided the 

records. Therefore, we expect our results to generalize to all potential cases in the cohort. 

Second, the PPVs for multiparity, labor induction, cesarean delivery, and preterm delivery 

were estimated among women identified as potential cases. The prevalence of these factors 

differs in the full cohort and among women identified as having preeclampsia; therefore, 

these PPVs may not generalize to the full cohort. Third, by including claims from both 

mothers and infants in our outcome definitions, we falsely classified infants as having 

outcomes when the diagnosis actually belonged to the mothers. Based on this information, 

we will modify our protocols accordingly for future research. The cohort that we identified 

consists of live births only, the woman-infant linkage method has not yet been validated, and 

to ensure complete follow up throughout pregnancy, we implemented restrictive eligibility 

criteria. These limitations should be considered when conducting studies of medication 

safety with these data.

While it is feasible to conduct a medical record review study using nationwide MAX data, 

there were many obstacles to obtaining records. The number of pregnancies available for 

medical record requests was limited by the lack of usable hospital identifiers in MAX. A 

centralized file of hospital contact information for Medicaid Billing Provider Numbers has 

since been made available by CMS.28 The highest proportion of fulfilled record requests 

was for potential preeclampsia cases; hospitals had greater success locating women’s 

records than locating infants’ records based on the women’s SSNs. The proportion of 

fulfilled record requests was higher for potential cardiac malformation cases in which we 

requested records from the time of delivery compared with after delivery. Future validation 

studies within MAX may focus on maternal outcomes and infant records from the time of 

delivery to increase the yield of records available for abstraction. Also, the number of 

records returned by hospitals could be improved if additional personal identifiers, e.g., first 

and last name, were available for record validation purposes.

This was the first validation study of maternal and neonatal outcomes identified within 

nationwide Medicaid data. For our studies of antidepressant safety during pregnancy, we 

identified outcome definitions that have high PPV, quantified the degree of outcome 

misclassification and can correct for it using sensitivity analysis,29,30 and were able to rule 

out differential misclassification of preeclampsia by antidepressant and depression status. 

Although numbers were small, there was no evidence to suggest non-differential 

misclassification of PPHN and cardiac malformations. Furthermore, by reviewing both 

medical record and claims information, we learned that hospital medical records from the 

time of delivery may not be the gold standard and therefore provide conservative PPV 

estimates. We observed that requiring multiple diagnostic codes or both a diagnostic and a 

surgical procedure code to identify cardiac malformation cases and requiring preeclampsia 

diagnosis codes during a hospitalization to identify preeclampsia cases increased PPV but 

Palmsten et al. Page 8

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2015 June 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



lowered the number of cases identified. Although stricter outcome criteria decrease 

sensitivity, relative risks are unbiased in the presence of outcome misclassification with 

nondifferential sensitivity and perfect specificity.31 In future studies, the use of strict 

outcome definitions with higher specificity is justified even at the cost of identifying fewer 

cases and lower sensitivity.

In conclusion, this study demonstrated that MAX data can be used to validly study several 

maternal and neonatal outcomes. There were barriers to obtaining hospital records for 

individuals identified from MAX data, but at least some of these obstacles could be removed 

to facilitate validation studies. The PPV for preeclampsia diagnoses made during a 

hospitalization was above 90%. Our best estimate of the PPV for PPHN is between 70–90% 

and the PPV for cardiac malformations on at least 2 dates is between 75–85%, had records 

been available from after the hospital transfer. These PPVs can be used to perform 

measurement error correction in epidemiologic studies.29,30
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Key Points

• The accuracy of pregnancy-related outcomes in nationwide Medicaid data had 

not been established.

• By reviewing both medical record and claims information, we learned that 

hospital medical records from the time of delivery may not be the gold standard 

for the validation of perinatal diagnoses in claims data and therefore provide 

conservative positive predictive value (PPV) estimates.

• The PPV for preeclampsia diagnoses made during a hospitalization was above 

90%. Our best estimate of the PPV for PPHN is between 70–90% and the PPV 

for cardiac malformations on at least 2 dates is between 75–85%, had records 

been available from after hospital transfers.

• These PPVs can be used to perform measurement error correction in 

epidemiologic studies.
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Figure 1. 
Flow chart of pregnancies included in the validation study, Medicaid Analytic eXtract, 

2000–2007.
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