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Abstract

Introduction: As perinatal drug overdoses continue to rise, reliable approaches are needed to 

monitor overdose trends during pregnancy and postpartum. This analysis aimed to determine the 

sensitivity, specificity, positive predictive value, and negative predictive value of ICD-9/10-CM 

codes for drug overdose events among people in the MATernaL and Infant clinical NetworK 

(MAT-LINK) with medication for opioid use disorder during pregnancy.

Methods: People included in this analysis had electronic health record documentation of 

medication for opioid use disorder and a known pregnancy outcome from January 1, 2014, 

through August 31, 2021. Data were analyzed during pregnancy through 1 year postpartum. 

The Centers for Disease Control and Prevention’s drug overdose case definitions were used to 

categorize overdose based on ICD-9/10-CM codes. These codes were compared to abstracted 

electronic health record data of any drug overdose. Analyses were conducted between May 2023 

and May 2024.

Results: Among 3,911 pregnancies with electronic health record−documented medication for 

opioid use disorder, the sensitivity of ICD-9/10-CM codes for capturing drug overdose during 

pregnancy was 32.7%, while specificity was 98.5%, positive predictive value was 23.4%, and 

negative predictive value was 99.0%. The sensitivity of ICD-9/10-CM codes for capturing drug 

overdose postpartum was 30.9%, while specificity was 98.4%, positive predictive value was 

25.9%, and negative predictive value was 98.8%.

Conclusions: The sensitivity and positive predictive value of ICD-9/10-CM codes for capturing 

drug overdose compared with abstracted electronic health record data during the perinatal period 

was low in this cohort of people with medication for opioid use disorder during pregnancy, though 

the specificity and negative predictive value were high. Incorporating other data from electronic 

health records and outside the healthcare system might provide more comprehensive insights on 

nonfatal drug overdose in this population.

INTRODUCTION

Opioid use disorder (OUD) during pregnancy and postpartum is a growing public health 

concern. From 1999 to 2014, the rates of OUD at delivery increased from 1.5 to 6.5 

per 1,000 delivery hospitalizations in the U.S.1 OUD during pregnancy and postpartum is 

associated with a number of adverse health outcomes,2 including drug overdose, a leading 

cause of pregnancy-associated mortality.3 From 2018 to 2021, perinatal overdose mortality 
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rates nearly doubled among those aged 10 to 44 years and tripled among those aged 35 

to 44 years.4 Treatment with medication for OUD (MOUD), including methadone and 

buprenorphine, is the standard of care for pregnant people with OUD and has been found to 

reduce the likelihood of experiencing an overdose event during pregnancy or postpartum.5–7

To better understand all-cause mortality, including drug overdose, occurring within 1 year of 

the end of a pregnancy, Maternal Mortality Review Committees (MMRCs) in nearly every 

U.S. state, territory, and freely associated states have on-going review of deaths occurring 

during pregnancy or within 1 year of pregnancy.8,9 These multidisciplinary committees 

perform a detailed review of a broad array of records, including medical and social service 

records, to provide a deeper understanding of pregnancy-related mortality.8 MMRCs are 

focused on mortality and do not generally provide surveillance of nonfatal overdose.8 

However, information on nonfatal overdoses in this population is critical for public health 

departments to provide resources and respond to emerging overdose trends.10

Electronic health records (EHRs) used in healthcare settings contain standardized diagnosis 

coding that is used primarily to confirm clinical diagnoses for billing purposes. However, 

these standardized codes (i.e., ICD-9-CM and ICD-10-CM) can assist in classifying 

overdoses treated by healthcare providers.11,12 The standardized ICD-9/10-CM codes 

from EHRs can also be leveraged in conjunction with unstandardized, free text within 

other medical record fields including the chief complaint to monitor nonfatal overdose.13 

Together, these approaches are used to track nonfatal overdose trends in near real time and 

can detect regional differences to enhance overdose prevention programs.14 However, these 

approaches might perform differently with regard to the types of substances involved in a 

drug overdose. The Centers for Disease Control and Prevention (CDC)’s Drug Overdose 

Surveillance and Epidemiology (DOSE) system found that analyses using chief complaint 

and ICD-10-CM coded data identified more overdoses involving any opioids and any 

stimulants and fewer overdoses involving heroin specifically when compared to ICD-10-CM 

coded data alone.14

Limited data suggest that ICD-9/10-CM codes from EHRs might have low sensitivity but 

high positive predictive value (PPV) for identifying drug overdose in the general U.S. 

population.15–18 Data from EHRs could be mined to better understand trends in drug 

overdose morbidity and guide response efforts for subpopulations of interest. However, it 

is unknown how well ICD-9/10-CM codes approximate the true prevalence of drug overdose 

incidents for pregnant and postpartum people.

Using data from the MATernaL and Infant clinical NetworK (MAT-LINK), this analysis 

aimed to determine the sensitivity, specificity, PPV, and negative predictive value (NPV) of 

ICD-9/10-CM codes for overdose events compared to data abstracted from EHRs among 

people with documented MOUD during pregnancy, a population with limited data sources 

available for reliably estimating overdose prevalence.19,20
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METHODS

Study Sample or Population

MAT-LINK conducts longitudinal surveillance of pregnant people−infant linked dyads 

using EHRs from geographically diverse U.S. clinical sites, including a cohort of people 

with documented MOUD during pregnancy. This analysis with data from 7 clinical sites 

included people with at least 1 EHR-documented MOUD during pregnancy and a known 

pregnancy outcome between January 1, 2014, and August 31, 2021. The 7 clinical sites 

included Boston Medical Center, Kaiser Permanente Northwest (Oregon and Washington), 

The Ohio State University, the University of New Mexico, the University of Rochester, the 

University of South Florida, and the University of Utah. Clinical sites used ICD-9/10-CM 

codes to identify documentation of OUD during pregnancy as well as pregnancy outcomes 

that occurred during the cohort period. A list of ICD-9/10-CM codes and more detailed 

information regarding case ascertainment has been described elsewhere.21 EHR-documented 

MOUD during pregnancy included methadone, buprenorphine with or without naloxone, 

and naltrexone; buprenorphine formulations used for the management of chronic pain were 

not considered MOUD for the purposes of this cohort. RxNorm and SNOMED CT codes 

were used to categorize information on MOUD during pregnancy.

Measures

To identify pregnancies with an overdose event, clinical sites electronically extracted 

ICD-9/10-CM codes and manually abstracted overdose-related data from available 

outpatient and inpatient records during each pregnancy, at delivery, and through 1 year 

postpartum (Figure 1). Extracted ICD-9/10-CM code data were collected via XML data 

extraction tools from clinical site EHRs or clinical data warehouses (CDWs). Abstracted 

data were obtained by pulling individual records for review by a manual abstractor at each 

clinical site, who then reviewed all available data in the EHR/CDW, including ICD-9/10-

CM codes, laboratory test results, problem list, and clinical notes, as well as data from 

outside sources as available in the EHR. Based on the information reviewed from the 

EHR, abstractors submitted information to CDC via Research Electronic Data Capture 

(REDCap) to report whether or not an overdose occurred, the date of the overdose, and 

the substance(s) involved in the overdose. Sites selected from a list of 24 opioids and 12 

non-opioid substances; if the substance was not included in the list, it was reported via a free 

text field. Clinical sites also conducted dual entry verification for 10% of their records to 

perform a data quality check and compare the abstracted data to what was expected based 

on clinical experiences. Additional details about the methods of abstraction and extraction 

in the MAT-LINK system have been described elsewhere.21 Because the surveillance period 

spanned several years, people who had multiple pregnancies during the cohort time period 

were represented more than once in the dataset. Multiple gestation pregnancies (i.e., twins, 

triplets) were only included once in the data.

Drug overdose was categorized in the extracted data using CDC’s DOSE overdose case 

definitions (Appendix Table).11,22 CDC’s chief complaint text definitions were not used in 

this analysis. Alcohol and cannabis T-codes were not included due to low counts of reported 

overdose events.
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Statistical Analysis

The ICD-9/10-CM code categories were compared to documentation of any drug 

overdose abstracted from the patient’s outpatient or inpatient records in the EHR, a 

more detailed data source which has been used as a comparison group in other studies 

examining the performance of ICD-9/10-CM codes.15,17,18 Because ICD-9/10-CM codes 

may underestimate overdose events and other EHR sources such as the chief complaint 

field might overestimate overdose events,14 using a manual abstractor familiar with the 

EHR system to examine all available sources of data in the EHR was considered the 

“gold standard” for this analysis. The total number of drug overdoses and rate per 1,000 

pregnancies during pregnancy and postpartum were calculated, in addition to performing 

separate calculations to estimate the number and rate by the specific type of substances 

involved in the drug overdose. Sensitivity, specificity, PPV, and NPV were calculated 

using the formulas below for (1) evidence of any drug overdose and (2) drug overdose 

involving any opioids. Sensitivity, specificity, PPV, and NPV were calculated separately for 

the pregnancy period and the one-year postpartum period.

Sensitivity = True Positive/(True Positive + False Negative)

Specificity = True Negative/(True Negative + False Positive)

PPV = True Positive/(True Positive + False Positive)

NPV = True Negative/(True Negative + False Negative)

In the formulas above, “true positive” refers to an overdose captured in both abstracted and 

ICD-9/10-CM code data, “true negative” refers to no documentation of an overdose in both 

abstracted and ICD-9/10-CM code data, “false positive” refers to an overdose documented in 

ICD-9/10-CM code data but not in abstracted data, and “false negative” refers to an overdose 

documented in abstracted data but not in ICD-9/10-CM code data.

Data analyses were performed between May 2023 and May 2024 using Python v3.8.8 

and SAS v9.4 (SAS Institute, Cary, NC). Because MAT-LINK data are protected under an 

Assurance of Confidentiality,23 cell counts of less than 5 were suppressed. This activity was 

determined to be non-research and exempt from undergoing a review from CDC’s IRB and 

was conducted consistent with applicable federal law and center policy (e.g., 45 CFR part 

46.102.l.2; 21 CFR part 56; 42 USC §241.d; 5 USC §552a; 44 USC §3501 et seq). All 

MAT-LINK clinical sites underwent IRB review and received approval or exemption prior to 

data collection.

RESULTS

Out of 3,911 pregnancy episodes with MOUD, 55 had a documented drug overdose 

event during the pregnancy period (overdose rate 14 per 1,000 pregnancies) using EHR 

abstraction compared to 77 using ICD-9/10-CM codes (20 per 1,000 pregnancies) (Table 1). 

Postpartum, 68 had a documented drug overdose event using EHR abstraction (17 per 1,000 

pregnancies) compared to 81 using ICD-9/10-CM codes (21 per 1,000 pregnancies). Nearly 
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all recorded overdoses were nonfatal; the number of fatal overdoses were too small to report 

based on CDC’s Assurance of Confidentiality.

According to both abstracted and ICD-9/10-CM code data, opioids were the most common 

substance involved in a drug overdose. The second most common substance was sedatives 

according to abstracted data and “other substances” according to ICD-9/10-CM codes; of 

ICD-9/10-CM overdoses classified as involving “other substances,” 66.7% of pregnancy 

overdoses and 80.0% of postpartum overdoses had an ICD-9/10-CM code indicating an 

undetermined or otherwise unclassified substance.

The sensitivity of ICD-9/10-CM codes for capturing any drug overdose during pregnancy 

was 32.7%; specificity was 98.5%, PPV was 23.4%, and NPV was 99.0% (Table 2). 

The sensitivity of ICD-9/10-CM codes for capturing any drug overdose during the 1-year 

postpartum period was 30.9%, while specificity was 98.4%, PPV was 25.9%, and NPV 

was 98.8%. When restricted to opioid-involved overdoses, sensitivity increased during the 

postpartum period to 37.9%, yet remained similar during pregnancy (31.4%).

DISCUSSION

In this analysis of primarily nonfatal drug overdose events among people with MOUD 

during pregnancy, both sensitivity and PPV of ICD-9/10-CM codes for drug overdose were 

low when compared with abstracted EHR data. This suggests that ICD-9/10-CM codes 

might not reliably identify overdose events during pregnancy and the first year postpartum. 

In this analysis, relying on only ICD-9/10-CM codes resulted in a number of missed 

overdose events (false negatives) or incorrectly identified healthcare encounters as overdose 

events (false positives). While prior research has also noted low sensitivity of ICD-9/10-

CM codes compared to abstracted EHR data in detecting overdose,18,24 a high PPV had 

previously been observed,15,17,25 which was not reflected in this analysis. Differences in this 

cohort (perinatal people receiving MOUD during pregnancy across 7 geographically diverse 

clinics) might partially explain this. For example, because this is a population at high risk of 

having experienced a drug overdose,26,27 the high number of false positives observed among 

ICD-9/10-CM codes in this analysis could be due to historical overdose codes that do not 

represent an acute event.28 Some documented reasons for this include the growing use of 

clinical documentation improvement programs to ensure all potential relevant codes related 

to the encounter are captured, potentially leading to the inclusion of codes corresponding 

to past conditions that were not present in the encounter; EHR functionality, including the 

problem list, which might carry forward previous diagnoses; and increasing reliance on 

clinicians to identify the ICD-9/10-CM codes associated with the encounter rather than 

medical billing professionals who are trained in the coding process.28 Such false positives 

therefore might not reflect the potentially protective effects of MOUD on experiencing an 

overdose event.6,7

In addition to opioids, sedatives such as benzodiazepines were frequently involved in 

overdose events. Similar patterns have been observed in other studies of nonfatal overdose 

data,12,27 although current trends in the general U.S. population indicate stimulants are 

the second leading substance type involved in an overdose death, following opioids.29 
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This analysis also noted a sizable number of observations with an ICD-9/10-CM code for 

“other and unspecified drug.” Given that ICD-9/10-CM codes are intended for billing and 

reimbursement, they may not capture detailed information about substances involved in 

an overdose. In addition, ICD-9/10-CM codes might not be specific enough to capture all 

substance types; in this analysis, information gleaned from abstracted EHR data fields such 

as laboratory test results and clinical notes allowed for the identification of more specific 

substances used. Therefore, harnessing data from additional EHR data fields, instead of 

relying solely on ICD-9/10-CM codes, might improve understanding of substance-specific 

overdose trends.

While abstracted EHR data is derived from additional sources beyond ICD-9/10-CM 

codes, data abstraction can be time-consuming and costly. Automated approaches could 

be explored to more accurately and efficiently examine overdose prevalence in this 

population. Alternatively, combining ICD-9/10-CM coded data with other data sources 

or strategies could enhance reliability for detecting opioid-involved overdoses specifically, 

such as incorporating chief complaint text keywords,14 pulling only those records with a 

first-listed diagnosis indicating an overdose,17 or incorporating information on naloxone 

administration.25 Prehospital data from first responders or Emergency Medical Services 

(EMS) is another source that could potentially be used to understand drug overdose in 

the perinatal population. EMS data can identify nonfatal overdoses that involve EMS 

and occur in a community setting among people who did not receive follow-up care in 

an emergency room or hospital setting.30 With increasing drug overdose mortality in the 

perinatal population,4 efforts to identify and validate potential data sources to monitor these 

trends can provide valuable information on opportunities to reduce overdose morbidity and 

mortality.

People in this analysis all had some engagement with the health care system as evidenced 

by at least 1 prescribed or dispensed MOUD. MOUD can reduce the risk of opioid overdose 

and is the standard of care for people who have OUD during pregnancy.5 Drug overdose 

rates in this analysis were slightly higher in the postpartum period than the pregnancy 

period, which is consistent with other studies that found that overdose mortality is highest 

from 43 days to 12 months after delivery.31,32 Therefore, pregnancy can be an opportune 

time to initiate MOUD and additional OUD management support that continues into the 

postpartum period, including naloxone provision and linkage to peer recovery and harm 

reduction services.

Limitations

There were several noted limitations. First, billing code practices vary among clinicians and 

health systems, which may have contributed to differences between ICD-9/10-CM codes 

and abstracted data. Additionally, clinical sites might have differed in their approaches to 

data abstraction and underlying data sources available in their EHRs; however, it is unlikely 

that this would have led to any systematic biases in our analysis. Furthermore, the majority 

of sites used the same EHR system (Epic), which may have minimized differences among 

sites in the data system architecture used for abstraction. Because EHR documentation 

of lack of an overdose is inconsistent and typically includes overdoses treated in the 
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emergency department rather than a community setting,16 it is possible that some overdose 

events were not captured in this analysis, which may have biased these results. This 

may have been more likely during the post-partum period when loss to follow-up due to 

relocation, care discontinuation, or death may have occurred. Additionally, as this cohort 

exclusively included individuals with MOUD reported during pregnancy, there is likely a 

bias toward ascertainment of opioid overdoses compared to other types of drug overdoses. 

Well-documented disparities exist in MOUD access and receipt during pregnancy, with 

people who are Black, Hispanic, and living in rural areas less likely to receive MOUD 

during pregnancy.33–35 Therefore, this sample and associated findings likely underrepresent 

the overdose experiences of these groups. Additionally, since drug overdoses often occur in 

a community setting and people do not always seek follow up care in a healthcare facility,36 

there is no systematic way to capture nonfatal overdoses that did not get recorded in an 

EHR. Therefore, overdoses documented in the EHR may underestimate the true overdose 

rate in this population.

Furthermore, some substances involved in an overdose might not be identified via ICD-9/10-

CM codes or might be assigned a non-poisoning ICD-9/10-CM code that was not included 

in this analysis.36 It should be noted that while this analysis contained some ICD-9-CM 

codes, the majority were ICD-10-CM codes, which were introduced on October 1, 2015. 

ICD-10-CM codes are more expansive and specific than ICD-9-CM codes.37 Previous 

studies that combined ICD-9-CM and ICD-10-CM codes found relatively high PPV of 

overdose codes (67.0%−81%) when compared to medical chart abstraction or survey 

data.15,16 Therefore, it is unlikely that the inclusion of ICD-9-CM codes along with the 

majority ICD-10-CM codes negatively influenced the estimates in this analysis.

CONCLUSIONS

Relying on ICD-9/10-CM codes alone may misclassify overdoses among pregnant and 

postpartum people. Incorporating other data sources from the EHR and integrating other 

sources outside of the healthcare system might provide a more comprehensive picture of 

nonfatal drug overdose in this population. As overdose morbidity and mortality continues 

to increase in the perinatal population, quickly and accurately identifying overdose events 

and monitoring trends across time is critical for effective overdose mitigation and response 

efforts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS

Disclaimer:

The findings and conclusions in this report are those of the authors and do not necessarily represent the official 
position of the Centers for Disease Control and Prevention or Emory University School of Medicine.

Board et al. Page 8

Am J Prev Med. Author manuscript; available in PMC 2025 March 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Funding:

This work was partially supported by the Office of the Secretary Patient-Centered Outcomes Research Trust Fund, 
under Interagency Agreement #750119PE90042.

REFERENCES

1. Haight SC, Ko JY, Tong VT, Bohm MK, Callaghan WM. Opioid use disorder documented 
at delivery hospitalization - United States, 1999–2014. MMWR Morb Mortal Wkly Rep. 
2018;67(31):845–849. 10.15585/mmwr.mm6731a1. [PubMed: 30091969] 

2. Ryan KS, Prewitt KC, Hayer S, Hedges MA, Benson AE, Lo JO. Opioid use in pregnancy: a review. 
Obstet Gynecol Surv. 2023;78(1):35–49. 10.1097/ogx.0000000000001094. [PubMed: 36607200] 

3. Campbell J, Matoff-Stepp S, Velez ML, Cox HH, Laughon K. Pregnancy-associated deaths from 
homicide, suicide, and drug overdose: review of research and the intersection with intimate partner 
violence. J Womens Health (Larchmt). 2021;30(2):236–244. 10.1089/jwh.2020.8875. [PubMed: 
33295844] 

4. Han B, Compton WM, Einstein EB, Elder E, Volkow ND. Pregnancy and postpartum drug overdose 
deaths in the US before and during the COVID-19 pandemic. JAMA Psychiatry. 2024;81(3):270–
283. 10.1001/jamapsychiatry.2023.4523. [PubMed: 37991773] 

5. American College of Obstetricians and Gynecologists. Committee opinion No. 711: opioid 
use and opioid use disorder in pregnancy. Obstet Gynecol. 2017;130(2):e81–e94. 10.1097/
aog.0000000000002235. [PubMed: 28742676] 

6. Krans EE, Kim JY, Chen Q, et al. Outcomes associated with the use of medications for opioid 
use disorder during pregnancy. Addiction. 2021;116(12):3504–3514. 10.1111/add.15582. [PubMed: 
34033170] 

7. Frankeberger J, Jarlenski M, Krans EE, Coulter RWS, Mair C. Opioid use disorder and overdose in 
the first year postpartum: a rapid scoping review and implications for future research. Matern Child 
Health J. 2023. 10.1007/s10995-023-03614-7.

8. St Pierre A, Zaharatos J, Goodman D, Callaghan WM. Challenges and opportunities in 
identifying, reviewing, and preventing maternal deaths. Obstet Gynecol. 2018;131(1):138–142. 
10.1097/aog.0000000000002417. [PubMed: 29215526] 

9. Centers for Disease Control and Prevention. Enhancing Reviews and Surveillance to Eliminate 
Maternal Mortality. Accessed September 4, 2024 https://www.cdc.gov/maternal-mortality/php/
erase-mm/index.html.

10. Ising A, Proescholdbell S, Harmon KJ, Sachdeva N, Marshall SW, Waller AE. Use of 
syndromic surveillance data to monitor poisonings and drug overdoses in state and local public 
health agencies. Inj Prev. 2016;22(Suppl 1):i43–i49. 10.1136/injuryprev-2015-041821. [PubMed: 
27044495] 

11. Vivolo-Kantor A, Pasalic E, Liu S, Martinez PD, Gladden RM. Defining indicators for drug 
overdose emergency department visits and hospitalisations in ICD-10-CM coded discharge data. 
Inj Prev. 2021;27(S1):i56–i61. 10.1136/injuryprev-2019-043521. [PubMed: 33674334] 

12. Pickens CM, Hoots BE, Casillas SM, Scholl L. Prevalences of and characteristics associated 
with single- and polydrug-involved U.S. emergency department visits in 2018. Addict Behav. 
2022;125:107158. 10.1016/j.addbeh.2021.107158.

13. Centers for Disease Control and Prevention. About the Drug Overdose Surveillance and 
Epidemiology (DOSE) system. 2024. Accessed September 5, 2024, https://www.cdc.gov/
overdose-prevention/data-research/facts-stats/about-dose-system.html

14. Vivolo-Kantor AM, Smith Ht, Scholl L. Differences and similarities between emergency 
department syndromic surveillance and hospital discharge data for nonfatal drug overdose. Ann 
Epidemiol. 2021;62:43–50. 10.1016/j.annepidem.2021.05.008. [PubMed: 34107342] 

15. Green CA, Perrin NA, Janoff SL, Campbell CI, Chilcoat HD, Coplan PM. Assessing the accuracy 
of opioid overdose and poisoning codes in diagnostic information from electronic health records, 
claims data, and death records. Pharmacoepidemiol Drug Saf. 2017;26(5):509–517. 10.1002/
pds.4157. [PubMed: 28074520] 

Board et al. Page 9

Am J Prev Med. Author manuscript; available in PMC 2025 March 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/maternal-mortality/php/erase-mm/index.html
https://www.cdc.gov/maternal-mortality/php/erase-mm/index.html
https://www.cdc.gov/overdose-prevention/data-research/facts-stats/about-dose-system.html
https://www.cdc.gov/overdose-prevention/data-research/facts-stats/about-dose-system.html


16. Riggs KR, DeRussy AJ, Leisch L, et al. Sensitivity of health records for self-reported nonfatal 
drug and alcohol overdose. Am J Addict. 2022;31(6):517–522. 10.1111/ajad.13327. [PubMed: 
36000282] 

17. Slavova S, Quesinberry D, Costich JF, et al. ICD-10-CM−based definitions for emergency 
department opioid poisoning surveillance: electronic health record case confirmation study. Public 
Health Rep. 2020;135(2):262–269. 10.1177/0033354920904087. [PubMed: 32040923] 

18. Rowe C, Vittinghoff E, Santos GM, Behar E, Turner C, Coffin PO. Performance measures of 
diagnostic codes for detecting opioid overdose in the emergency eepartment. Acad Emerg Med. 
2017;24(4):475–483. 10.1111/acem.13121. [PubMed: 27763703] 

19. Davis NL, Hoyert DL, Goodman DA, Hirai AH, Callaghan WM. Contribution of maternal age and 
pregnancy checkbox on maternal mortality ratios in the United States, 1978−2012. Am J Obstet 
Gynecol. 2017;217(3):352.e1–352.e7. 10.1016/j.ajog.2017.04.042.

20. Mangla K, Hoffman MC, Trumpff C, O’Grady S, Monk C. Maternal self-harm deaths: an 
unrecognized and preventable outcome. Am J Obstet Gynecol. 2019;221(4):295–303. 10.1016/
j.ajog.2019.02.056. [PubMed: 30849358] 

21. Miele K, Kim SY, Jones R, et al. Medication for opioid use disorder during pregnancy - maternal 
and infant network to understand outcomes associated with use of Medication for opioid use 
disorder during pregnancy (MAT-LINK), 2014–2021. MMWR Surveill Summ. 2023;72(3):1–14. 
10.15585/mmwr.ss7203a1.

22. Centers for Disease Control and Prevention. 2019 annual surveillance report of drug-related risks 
and outcomes — United States surveillance special report. 2019. Accessed May 10, 2024. https://
stacks.cdc.gov/view/cdc/84281

23. Centers for Disease Control and Prevention. Assurances of confidentiality. 2024. Accessed May 
10, 2024. https://www.cdc.gov/os/integrity/confidentiality/index.htm

24. Brown AM, White DG, Adams NB, Pharm DR, Shaikh S, Guluma L. Validation of the enhanced 
opioid identification and co-occurring disorders algorithms. Vital Health Stat 1. 2024(205):1–31.

25. Reardon JM, Harmon KJ, Schult GC, Staton CA, Waller AE. Use of diagnosis codes for detection 
of clinically significant opioid poisoning in the emergency department: A retrospective analysis 
of a surveillance case definition. BMC Emerg Med. 2016;16(1):11. 10.1186/s12873-016-0075-4. 
[PubMed: 26856978] 

26. Camden A, To T, Ray JG, Gomes T, Bai L, Guttmann A. Categorization of opioid use among 
pregnant people and association with overdose or death. JAMA Netw Open. 2022;5(5):e2214688. 
10.1001/jamanetworkopen.2022.14688.

27. Charles JE, Baylis J, Smid MC, Cochran G. Nonfatal overdoses among pregnant individuals 
with opioid use disorder. Obstet Gynecol. 2023;141(5):961–963. 10.1097/aog.0000000000005129. 
[PubMed: 37103536] 

28. Costich JF, Quesinberry DB, Daniels LK, Bush A. Trends in ICD-10-CM-coded administrative 
datasets for injury surveillance and research. South Med J. 2022;115(11):801–805. 10.14423/
smj.0000000000001463. [PubMed: 36318943] 

29. Centers for Disease Control and Prevention. SUDORS Dashboard: Fatal Overdose Data. 2024. 
Accessed February 29, 2024, https://www.cdc.gov/overdose-prevention/data-research/facts-stats/
sudors-dash-board-fatal-overdose-data.html

30. Sivaraman JJ, Proescholdbell SK, Ezzell D, Shanahan ME. Characterizing opioid overdoses using 
Emergency Medical Services data: a case definition algorithm enhanced by machine learning. 
Public Health Rep. 2021;136(1_suppl):62s–71s. 10.1177/00333549211026802. [PubMed: 
34726978] 

31. Schiff DM, Nielsen T, Terplan M, et al. Fatal and nonfatal overdose among pregnant 
and postpartum women in Massachusetts. Obstet Gynecol. 2018;132(2):466–474. 10.1097/
aog.0000000000002734. [PubMed: 29995730] 

32. Smid MC, Stone NM, Baksh L, et al. Pregnancy-associated death in Utah: contribution of 
drug-induced deaths. Obstet Gynecol. 2019;133 (6):1131–1140. 10.1097/aog.0000000000003279. 
[PubMed: 31135726] 

Board et al. Page 10

Am J Prev Med. Author manuscript; available in PMC 2025 March 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://stacks.cdc.gov/view/cdc/84281
https://stacks.cdc.gov/view/cdc/84281
https://www.cdc.gov/os/integrity/confidentiality/index.htm
https://www.cdc.gov/overdose-prevention/data-research/facts-stats/sudors-dash-board-fatal-overdose-data.html
https://www.cdc.gov/overdose-prevention/data-research/facts-stats/sudors-dash-board-fatal-overdose-data.html


33. Henkhaus LE, Buntin MB, Henderson SC, Lai P, Patrick SW. Disparities in receipt of 
medications for opioid use disorder among pregnant women. Subst Abus. 2022;43(1):508–513. 
10.1080/08897077.2021.1949664. [PubMed: 34270396] 

34. Gao YA, Drake C, Krans EE, Chen Q, Jarlenski MP. Explaining racial-ethnic disparities in the 
receipt of medication for opioid use disorder during pregnancy. J Addict Med. 2022;16(6):e356–
e365. 10.1097/adm.0000000000000979. [PubMed: 35245918] 

35. Austin AE, Durrance CP, Ahrens KA, et al. Duration of medication for opioid use disorder 
during pregnancy and postpartum by race/ethnicity: results from 6 state Medicaid programs. Drug 
Alcohol Depend. 2023;247:109868. 10.1016/j.drugalcdep.2023.109868.

36. Wood DM, De La, Rue L, Hosin AA, et al. Poor identification of emergency department 
acute recreational drug toxicity presentations using routine hospital coding systems: the 
experience in Denmark, Switzerland and the UK. J Med Toxicol. 2019;15(2):112–120. 10.1007/
s13181-018-0687-z. [PubMed: 30603897] 

37. American Medical Association. Preparing for the ICD-10 Code Set: October 1, 2015 Compliance 
Date. 2014. Accessed August 20, 2024, https://www.ama-assn.org/sites/ama-assn.org/files/corp/
media-browser/premium/washington/icd10-icd9-differences-fact-sheet_0.pdf

Board et al. Page 11

Am J Prev Med. Author manuscript; available in PMC 2025 March 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.ama-assn.org/sites/ama-assn.org/files/corp/media-browser/premium/washington/icd10-icd9-differences-fact-sheet_0.pdf
https://www.ama-assn.org/sites/ama-assn.org/files/corp/media-browser/premium/washington/icd10-icd9-differences-fact-sheet_0.pdf


Figure 1. 
Flow diagram of MATernaL and infant clinical networK (MAT-LINK) cohort participants 

included in analysis. *For abstracted data: includes pregnancies with any data in the 

abstracted data instrument. For ICD code data: includes pregnancies with any ICD codes 

reported from the start of the pregnancy period through date of pregnancy outcome 

(pregnancy period) or from the day after the date of pregnancy outcome through 1 year 

postpartum (postpartum period). During the pregnancy period, 11 pregnancies had no data 

in either, and during the postpartum period, 54 pregnancies had no data in either; however, 

these pregnancies had data reported in other sources in the MAT-LINK surveillance system, 

and therefore were still included in this analysis.
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Table 2.

Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value of ICD-9/10-CM Codes for 

Overdose

Pregnancy Postpartum

Any overdosea

 Both abstracted data and ICD-9/10-CM codes (N) 18 11

 Abstracted data only (N) 37 24

 ICD-9/10-CM codes only (N) 59 31

 Neither abstracted data or ICD-9/10-CM codes (N) 3797 3845

 Sensitivity (%) 32.7% 30.9%

 Specificity (%) 98.5% 98.4%

 Positive predictive value (%) 23.4% 25.9%

 Negative predictive value (%) 99.0% 98.8%

Opioid overdose (e.g., heroin, fentanyl, prescription opioids)a

 Both abstracted data and ICD-9/10-CM codes (N) 21 11

 Abstracted data only (N) 47 18

 ICD-9/10-CM codes only (N) 60 33

 Neither abstracted data or ICD-9/10-CM codes (N) 3783 3849

 Sensitivity (%) 31.4% 37.9%

 Specificity (%) 99.2% 99.1%

 Positive predictive value (%) 26.2% 25.0%

 Negative predictive value (%) 99.4% 99.5%

a
Numbers are presented for the first 4 rows and percentages are presented for the second 4 rows as calculated values of sensitivity (Both abstracted 

data and ICD-9/10-CM codes / (Both abstracted data and ICD-9/10-CM codes + Abstracted data only)), specificity (Neither abstracted data or 
ICD-9/10-CM codes / (Neither abstracted data or ICD-9/10-CM codes + ICD-9/10-CM codes only)), positive predictive value (Both abstracted data 
and ICD-9/10-CM codes / (Both abstracted data and ICD-9/10-CM codes + ICD-9/10-CM codes only)), and negative predictive value (Neither 
abstracted data or ICD-9/10-CM codes / (Neither abstracted data or ICD-9/10-CM codes + Abstracted data only)).
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