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Abstract

Purpose: Population-level studies on the treatment practices and comparative effectiveness of 

therapies in autoimmune hepatitis (AIH) are lacking due to the absence of validated methods to 

identify patients with AIH in large databases, such as administrative claims or electronic health 

records. This study ascertained the performance of International Classification of Diseases (ICD) 

codes for AIH, and developed and validated a novel algorithm that reliably identifies patients with 

AIH in health administrative data and claims.

Methods: This was a cross-sectional study of patients with ≥1 inpatient or ≥2 outpatient ICD 

codes for AIH between 2008 and 2019 at a single health system. In a random sample of 250 

patients, definite or probable AIH was determined using the Simplified AIH score, Revised AIH 

score or expert adjudication. The positive predictive value (PPV) was obtained. Variations of this 

base algorithm were evaluated using additional criteria to increase its performance.

Results: Of the 250 patients, 143 (57.2%) patients had sufficient records available for review. 

The PPV of the base algorithm was 77.6% (95% CI: 69.9–84.2%). Exclusion of patients with ≥1 

ICD code for primary biliary cholangitis or primary sclerosing cholangitis yielded a PPV of 89.7% 

(95% CI: 82.8–94.6%). Further exclusion of patients with recent immune checkpoint inhibitor 

therapy increased the PPV to 92.9% (95% CI: 86.5–96.9%).
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Conclusions: The use of ICD codes for AIH alone are insufficient to reliably identify 

patients with AIH in health administrative data and claims. Our proposed algorithm that includes 

additional diagnostic and medication-related coding criteria demonstrates excellent performance.
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1 | INTRODUCTION

Autoimmune hepatitis (AIH) is a rare inflammatory liver disease with a high risk of 

mortality.1 While AIH is believed to affect all ages and races, there is significant 

heterogeneity in the occurrence of AIH worldwide.2 This is not surprising given both 

genetic and environmental factors are hypothesized to play a role in the development of 

AIH. A majority of the available data on the epidemiology and treatment practices of AIH 

have arisen from studies conducted in Northern Europe and Asia. However, it has been 

suggested that the risk of disease progression and the barriers to care may be greater in racial 

and ethnic groups under-represented in European-based studies, such as Alaskan Natives, 

African Americans and Latino Americans.3,4

The optimal management strategy of AIH has yet to be defined, and most current 

treatment recommendations are supported by a low level of evidence.5 Corticosteroids 

and azathioprine remain the standard of care for AIH since the 1970s, as the ability to 

conduct large clinical trials has been limited by the rare nature of this disease. Due to a 

clear relationship between therapy duration and the likelihood of sustained remission, AIH 

is frequently treated with long-term immunosuppression over many years. Unfortunately, 

nearly 80% of patients experience at least one treatment-related adverse event with a 

majority being due to the unintended effects of chronic corticosteroids.6

As part of the 21st Century Cures Act, the Food and Drug Administration formally 

recognizes the value of population-level observational research for healthcare decision-

making.7,8 However, there are no large-scale observational studies of AIH in the US outside 

of the inpatient setting.9,10 A key reason for this has been the lack of a validated algorithm to 

reliably identify patients with AIH in readily available administrative databases. As a result, 

AIH treatment practices and outcomes in the United States remain largely unknown. The 

objective of this study was to develop and validate an algorithm that could serve as a reliable 

tool to facilitate future pharmacoepidemiology research efforts in AIH.

2 | METHODS

This was a cross-sectional study of adults at University of Pennsylvania Health System 

(UPHS) inpatient and outpatient practices between October 1, 2008 and December 31, 2019. 

UPHS provides care at multiple sites in Philadelphia and the surrounding suburban areas, 

in rural and urbanized central Pennsylvania, as well as at multiple suburban sites in New 

Jersey. The health system includes tertiary care centers, one liver transplant center, and 

multiple community-level inpatient and outpatient facilities. From the electronic medical 

record (EMR), all patients with ≥1 inpatient or ≥2 outpatient International Classification 
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of Diseases, Ninth or Tenth Edition, Clinical Modification (ICD-9-CM or ICD-10-CM) 

codes for AIH (571.42 and K75.4, respectively) were identified. There was no requirement 

for continuous health and/or drug plan enrollment required, or for a minimum duration 

of follow-up within UPHS to meet study inclusion. A random sample of 250 subjects 

were selected for manual chart review by a trained hepatologist (T.B.). To enhance the 

validity of the findings, a 10% sample was independently reviewed by a second hepatologist 

(N.M.). Both independent reviews led to similar adjudications (see section 3). The entirety 

of the patients' EMR was used for data extraction. All pertinent clinical, histopathologic, 

and laboratory data were evaluated, including scanned outside records. Demographic 

information was additionally collected including sex, race/ethnicity and age at possible AIH 

diagnosis (or at the time of first appearance of the ICD code for AIH if the former was not 

available). The presence of ≥1 inpatient or outpatient diagnostic code for primary biliary 

cholangitis (PBC)11 and/or primary sclerosing cholangitis (PSC)12 was also determined 

(Table 1). PBC and PSC are two autoimmune liver diseases involving the bile ducts that 

are distinct from AIH, but that can co-exist with AIH as an “overlap syndrome” in a small 

subset of patients.13 This is relevant as the accepted diagnostic criteria for AIH are not 

intended for use in patients suspected to have an overlap syndrome. Furthermore, the disease 

course and therapeutic management of such patients are inherently different.13

The primary outcome was the presence of definite or probable AIH, as defined by the 

validated Simplified AIH diagnostic score,14 the Revised Original AIH score,15 or clinical 

adjudication. A flow diagram depicting the process used to ascertain the presence of the 

outcome of interest is shown in Figure 1. A simplified score ≥7 and of six were classified 

as definite and probable AIH, respectively.14 The modified histologic criteria by Balitzer 

et al16 were additionally used to score histopathologic features in the Simplified score 

calculation. If patients' Simplified AIH score was <6, the Revised Original AIH score 

was then calculated using the established thresholds: definite >17 and probable 12–17.15 

Subjects with a Simplified score <6 and revised score <12 underwent expert adjudication 

(CL, DSG).

In reviewing patient charts, it was determined that a small subset of individuals had an 

immune-mediated liver injury that is associated with immune checkpoint inhibitor (ICI) 

therapy. These individuals had ICD codes for AIH present in their EMR with no evidence 

of true AIH disease.17 While medication data was not collected in the original identification 

of the cohort used for this study, it was hypothesized that the exclusion of patients receiving 

recent ICI treatment would further improve the PPV of the final algorithm. The National 

Drug Code (NDC) packaging codes for ICI therapies associated with this adverse effect 

are listed in Table 2, and those specifically used among the patients in our cohort are 

denoted.17,18 The RxNorm Application Program Interface (API) browser from the National 

Library of Medicine was used to determine start date of NDC packaging codes and whether 

each code had been previously reused.19,20

The demographic characteristics of the cohort were reported. These were also evaluated 

comparatively among those included for detailed review versus excluded due to insufficient 

records using chi-squared Kruskal–Wallis tests. The positive predictive values (PPV) 

and respective 95% binomial exact confidence intervals (CI) of three ICD-based coding 
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algorithms were obtained. This study focused on PPV, as the objective was to develop a 

tool that would allow future investigators to accurately identify patients with AIH in an 

administrative database. Algorithm 1 required only ≥1 inpatient or ≥2 outpatient ICD codes 

for AIH. Algorithm 2 used this base algorithm and the absence of ICD codes for PBC and 

PSC, to allow for the exclusion of patients with a suspected overlap syndrome. Algorithm 3 

built on Algorithm 2 and additionally excluded patients receiving an ICI ≤6 months prior to 

a diagnosis of AIH.17 As an exploratory analysis, the performance of Algorithm 3 according 

to sex and race/ethnicity was compared using descriptive statistics.

3 | RESULTS

The overall demographics of the cohort were: 78.0% female, 60% White, 33.6% Black, 

6.4% other race/ethnicity and with median age of 55 years (interquartile range: 42–64). 

Of the 250 random charts selected, 143 (57.2%) patients had sufficient records pertaining 

to their AIH diagnosis for review. The primary reasons for insufficient records were: (a) 

diagnosis preceded the start of the EMR and/or (b) gastroenterology care was obtained at an 

outside facility with no records available. There was no difference in sex, race/ethnicity or 

age between those with sufficient versus insufficient records (p = 0.5, p = 0.5, and p = 0.3, 

respectively).

Among these 143 patients, 36 (25.2%) and 28 (19.6%) had definite and probable AIH, 

respectively, according to the Simplified AIH criteria (Figure 2). Forty-seven (32.9%) had 

continued suspicion for AIH despite a Simplified score <6. Of these, eight met definite and 

35 met probable criteria using the Revised AIH score.

Four subjects (2.8%) required expert adjudication and were deemed to have probable AIH. 

Clinical details are provided in Table 3. All four patients were followed in the EMR ≥2 

years, had negative work-up for alternate diagnoses, and were managed as AIH by their 

treating physicians. Independent review of a 10% sample of charts by a second hepatologist 

(N.M.) demonstrated 100% agreement for the outcomes of definite AIH, probable AIH, and 

not AIH.

Nineteen (13.3%) had an AIH overlap syndrome. Of the 13 patients with no AIH suspected, 

autoimmune liver injury due to ICI therapy was the most frequent (N = 4), followed by 

sarcoidosis (N = 2), de novo AIH post-transplant (N = 2), nodular regenerative hyperplasia 

(N = 1), autoimmune cholangiopathy without evidence of overlap syndrome (N = 1) and 

unknown liver injury not consistent with AIH (N = 3). Of the four patients with immune-

mediated liver injury due to ICI therapy, two had been treated with ipilimumab alone and 

two with combination therapy consisting of ipilimumab and nivolumab.

The PPV of Algorithm 1 for the identification of definite or probable AIH was 77.6% (95% 

CI: 69.9–84.2%; Table 4). After exclusion of patients with ICD codes for PBC and PSC, the 

PPV of Algorithm 2 was 89.7% (95% CI: 82.8–94.6%). Exclusion of patients with recent 

ICI treatment (Algorithm 3) further increased the PPV to 92.9% (95% CI: 86.5–96.9%). 

In exploratory analyses, there was no difference in the performance of Algorithm 3 by sex 
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(95.5% female vs. 87.9% male; p = 0.3) or by race/ethnicity (92.2% White, 86.1% Black, 

83.3% other; p = 0.5).

4 | DISCUSSION

In this study, we find that ICD codes for AIH alone are insufficient to reliably identify 

patients with true AIH using administrative data. We subsequently developed two novel 

algorithms that build on these ICD codes with very good performance. The first proposed 

algorithm requires the presence of ≥1 inpatient or ≥2 outpatient ICD codes for AIH in the 

absence of ≥1 inpatient or outpatient ICD code for PBC or PSC and was associated with a 

PPV of 89.7%. The second further excludes patients with evidence of ICI treatment, which 

can be achieved in outpatient pharmacy claims databases via the NDCs for these therapies 

shown in Table 2, leading to a PPV of 92.9%.

Despite the increasing availability over the last decade of large healthcare databases that 

can be leveraged for research, AIH remains an understudied disease, and particularly so 

in the United States. These results from three key issues: (a) nationwide population-level 

EMR databases are only available in select countries (e.g., Northern Europe); (b) the rare 

nature of AIH requires multicenter efforts to generate a sufficient sample size; and (c) the 

performance of the ICD codes for AIH was previously unknown. The findings from our 

study and our two novel algorithms will allow future investigators to more effectively study 

the “real world” management of patients with AIH, as well as the treatment-associated 

complications they face.

Our final algorithm iteration, Algorithm 3, used a combination of inclusion and exclusion 

criteria based on ICD codes, as well as exclusion of patients with NDC codes for ICIs, 

which are associated with an immune-mediated liver injury. While only patients treated 

with ipilimumab and nivolumab were observed in the conduct of our chart review, all five 

therapies listed have been associated with this particular type of liver injury17 and would be 

relevant to the identification of patients with AIH in healthcare claims databases. The NDC 

packaging codes listed can be used to identify ICI in outpatient infusion drug claims billed 

to health insurers (e.g., Medicare, Medicaid, private). Of note, these drugs are rarely, if ever, 

administered to hospitalized inpatients due to their high cost. According to the RxNorm API 

browser from the National Library of Medicine, all NDC packaging codes listed in Table 2 

are active as of April 2021 and none have been previously reused for other drugs.19,20 As 

newer ICI therapies become studied and marketed in the future, it would be important for 

investigators to adapt their algorithm to encompass these should there be a relevant risk of 

immune-mediated liver injury.

Implementation of this study was facilitated by the availability of two extensively studied 

and validated scoring systems to aid in the diagnosis of AIH for research and in clinical 

practice.14,15 The Simplified score contains only four routinely measured parameters, while 

the Revised score is more complex with 15 different inputs. These diagnostic criteria include 

not only clinical and laboratory variables, but also histopathologic features as all patients 

with suspected AIH are expected to undergo liver biopsy.5 An advantage of our study, 

therefore, is the ability to confirm the presence of AIH from the EMR using these existing 
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scoring systems. This reduced our dependence on expert adjudication, which may be subject 

to issues of both inter- and intra-rater reliability.

The reported PPVs were for definite or probable AIH. The PPV for definite AIH would 

be appreciably lower, but in clinical practice those patients with probable AIH are almost 

always treated as such. Indeed, all patients categorized as definite or probable AIH by the 

investigators of this study were being managed as de facto AIH by their gastroenterologist. 

Moreover, clinical trials and other research studies are frequently inclusive of either.21 These 

designations are felt to be reflective of differences in clinical presentation rather than in the 

accuracy of the diagnosis.22

The validation of the proposed algorithms in a single health system is a limitation of this 

and most coding algorithm validation studies. The performance of our algorithms may 

have been impacted by the underlying case-mix of potential cases. The demographics of 

our AIH cohort was congruent with the previously published epidemiology of AIH in the 

United States, with the exception of having a slight over-representation of Black patients at 

UPHS.23 It is unknown to what extent this impacts the generalizability of our algorithm with 

regards to research efforts within the US and internationally. Of note, we did not find any 

significant differences in the performance of Algorithm 3 according to sex or race/ethnicity.

UPHS provides both community-level and tertiary care services. While there is the 

possibility that more severe and/or complex patients were included in this cohort, the 

determination of probable or definite AIH is made at the time of diagnosis and is 

independent of patients' clinical course. Moreover, a substantial subset of the patients 

included were diagnosed with AIH at outside facilities, which may support our algorithms' 

external validity. This study was unable to determine whether patients met the exclusion 

criteria for the three algorithms if the diagnostic and/or medication billing coding only 

occurred at outside facilities and not at UPHS. For example, it is possible that some of 

the AIH patients may have had episodes of care that were associated with ICD codes for 

PBC or PSC that were missed. Nearly half of patients had insufficient records in their 

UPHS EMR to determine the outcome of probable or definite AIH according to the clinical 

criteria used in the Revised and Simplified scoring systems. However, the vast majority 

of these appeared to be receiving ongoing treatment for suspected AIH. The demographic 

characteristics of those excluded due to lack of records and those included in the chart 

review were also not different. Lack of detail in the reporting of histopathologic features on 

liver biopsy (67%) was a frequent reason for low to moderate Simplified AIH score.14 This 

is a known limitation of the Simplified AIH score, which requires specific terminology to 

meet the definition of “typical” on histopathology that can lead to underscoring of suspected 

AIH cases.16 This issue was ameliorated by the use of the modified histopathologic 

criteria, as well as the Revised AIH score, which provides more granularity with regards 

to histopathologic features observed.15,16

In conclusion, our two proposed algorithms reliably identify patients with AIH in health 

administrative data. These will serve as important tools for future investigators seeking to 

advance the field of AIH research. In particular, these will allow for a more comprehensive 

Bittermann et al. Page 6

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



assessment of the “real world” comparative effectiveness and safety of treatment options 

available to patients with AIH.
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Key Points

• The positive predictive value (PPV) of International Classification of Diseases 

(ICD) codes (≥1 inpatient or ≥2 outpatient) for autoimmune hepatitis (AIH) 

alone was 77%.

• The exclusion of patients with ICD codes for primary biliary cholangitis 

and/or primary sclerosing cholangitis increased the PPV to 90%.

• Further excluding patients with recent treatment with an immune checkpoint 

inhibitor led to a PPV of 93%.

• We therefore propose two novel algorithms that reliably identify patients with 

AIH in health administrative data.
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FIGURE 1. 
Flow diagram depicting the methods used to identify patients with definite or probable 

autoimmune hepatitis
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FIGURE 2. 
Flow diagram demonstrating the clinical outcomes identified in the random sample
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TABLE 1

ICD-9-CM and ICD-10-CM codes for PBC and PSC

ICD-9-CM and ICD-10-CM for PBC ICD-9-CM and ICD-10-CM for PSC

ICD-9-CM ICD-9-CM

571.6 576.1

ICD-10-CM ICD-10-CM

K74.3 K83.0

K74.4 K83.01

K74.5 K83.09

K75.5

Abbreviations: ICD-9/10-CM, International Classification of Diseases, Ninth/Tenth Edition, Clinical Modification; PBC, primary biliary 
cholangitis; PSC, primary sclerosing cholangitis.
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