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Background/Rationale:

Determining the quality of HIV care in the VHA requires the development of a comprehensive, validated, standardized, analytical database of relevant clinical and administrative information. This need for a source of information motivated QUERI HIV to develop the Quality Enhancement Database (QED).

Objective(s):

The goal of this project was to create the HIV-Quality Enhancement Database (HIV-QED) to facilitate optimal use of Immunology Case Registry (ICR) database for assessing and improving quality of care and outcomes for veterans with Human Immunodeficiency Virus / Acquired Immunodeficiency Syndrome (HIV/AIDS).  In order to accomplish this objective, the ICR needed to be further developed as a database tool, which can then be used to facilitate future HIV-QUERI research initiatives.  The specific objectives of the project were to: perform data cleaning and standardization; perform internal logic checks for accuracy; evaluate completeness of the data, including confirmation of the active caseload; validate the completeness and accuracy of the ICR and augment the ICR data using external data sources; recommend changes in the manual and automated data entry processes to improve the accuracy and usability of the ICR data; derive a set of variables from data within the ICR that are important for HIV research; generate reports and assist the coordinating center with preparation and documentation of public use tapes for dissemination.  

Methods:

Completeness of ICR data has been performed by comparing ICR data to external data sources such as the National Patient Care Database, and the Pharmacy Benefits Management database.  An algorithm based on presence of HIV/AIDS indicators in the two external data sources was used to identify suspect cases.  Accuracy of the ICR has been evaluated by a series of accuracy and internal logic checks.  Accuracy of the data was also validated by comparison to external data sources such as the Master Veteran Record and National Death Index (NDI).  Completeness of laboratory data was evaluated by comparing to local extracts of lab data from 16 VA sites.  The ICR database was cleaned, standardized, and formatted to make it more “user friendly” and facilitate future research efforts.  Standard variables have been derived from the ICR dataset using other large HIV databases such as the Multicenter AIDS Cohort Study (MACS) and the Health Care Service and Utilization Study (HCSUS) as models, and from input from our co-investigators with HIV clinical expertise.  Existing encryption of personal identifiers were maintained, with additional steps taken to ensure patient confidentiality. 

Findings/Results:

The HIV Quality Enhancement Database (QED) contains over 38,000 unique patients receiving HIV care at the VA between 1993 and 2001.  The database contains patient-level data on demographics, inpatient/outpatient services utilization, pharmacy fills, deaths and causes of death, and clinical diagnoses.  These data have undergone rigorous cleaning and formatting, resulting in a research-quality database suitable for supporting quality improvement efforts.

Using an algorithm developed by the QUERI-HIV Coordinating Center, which contains a set of HIV/AIDS indicators, we have identified 1823 patients in the VA’s electronic medical record with strongly probable disease in fiscal year 1999 who were not included on the national Immunology Case Registry (ICR).  Only 20% of this group was found in subsequent years.  While overall health service utilization among the suspect cases was similar to those in the ICR, the type of services used was different.  These patients tended to be older and had sporadic use of services, including greater use of urgent care as opposed to primary care or infectious disease care.  


In cleaning the ICR data, we discovered a tremendous amount of inconsistencies in the entry of data.  This was the result of different standards and different choices of nomenclature applied across VA facilities throughout the country.  This inconsistency applied to lab names and drug names, as well as units of lab values and dispensing units of dispensed drugs.  For example, we discovered over 65,000 spellings of over 600 drugs within over 4 million outpatient pharmacy records.  Programs have been written to consolidate drugs of the same type and class.  In the current QED pharmacy dataset, we have narrow down the field of possible drug names to 20 unique antiretroviral (ARV) drugs, 7 unique AIDS prophylaxis drugs, 13 anti-depressants, and approximately 500 other unique drugs.  We have processed the ARV drugs in a way that allows for assignment of number of days patients are on specific ARVs or combinations of ARVs as well as whether patients are exposed to a particular drug on a given day.


We have also discovered significant amounts of laboratory data missing from the ICR lab files.  Data has been found to be missing in both the lab order file as well as the lab results file.  Compared to lab data local to 16 VA sites, we discovered significant discrepancies between data in the ICR and data extracted at these local sites.  One general observation about the quality of the ICR data is that fact of lab data was poor in 1997 and remains poor through 2001.  Through personal communications with the Center for Quality Management (CQM), the agency in charged of maintaining the ICR, fact of lab data will remain poorly populated in the future due to little value placed on this particular data element.  A similar degree of missingness was found in the ICR lab results when compared to local VISTA data.  However, there appears to be a trend in improvement for the capture lab results data into the ICR.  

The accuracy of ICR data has been evaluated in a number of ways.  There were a number of problems with the patient demographic dataset we had to contend with.  First, there were often times more then one record per patient in the ICR demographic file, meaning that some patients had multiple and conflicting data on elements such as race and gender.  Even among those with a single record, they may not have matched with the corresponding record in the Master Veteran Record (MVR).  In the original ICR file alone, there were 55,073 such records for 37,955 unique patients.  Among them, 1653 had 2 records containing different race designations and 48 had 3 records with different race designations.  Upon linkage of the two files, we were able to assign a single race and gender designation to each patient.

Using a dataset that had been thus cleaned, we have conducted a retrospective cohort study of cardiovascular and cerebrovascular events in HIV patients.  This study was made possible by the availability of clean and standardized pharmacy data, comorbidity data, as well as external data such as National Death Index data, all of which are critical elements of a well-designed research study.

Status:  Complete

Impact:  Informs AIDS Service and local HIV QI efforts.  Provides planning and outcomes information for QUERI-HIV interventions.  Unique resources for analysis of special issues in HIV care, such as whether complications are offsetting gains to highly active therapy.

Publications:  

Bozzette SA, Ake CA, Tam HK, Chang SW, Louis TA.  A retrospective study of

cardiovascular and cerebrovascular events in HIV patients.  N Engl J Med 2003;348: 702-10.
c.  Highlights

Background/Objectives

In the United States, 650,000 to 900,000 adults are infected with HIV, and the Veterans Health Administration (VHA) sees approximately 18,000 adults with known HIV infection each year.  Optimal care, which includes Highly Active Antiretroviral Therapy (HAART) and appropriate prophylaxis of opportunistic infections, can lead to dramatic decreases in HIV co-morbidity and mortality.  Sub-optimal care of HIV infected patients, which has been associated with more rapid progression of disease and increased complications, can result in reduced quality of care, poorer outcomes, and increased costs.  The VHA therefore has a substantial clinical and financial stake in determining the quality and costs of HIV care provided to patients.  Unfortunately, little is known about the quality of care being provided within the VHA.  Determining the quality of HIV care in the VHA requires the development of a comprehensive, validated, standardized, analytical database of relevant clinical and administrative information. This need for a source of information motivated QUERI HIV to begin development of the Quality Enhancement Database (QED) in October 1999

The QED project specific objectives were to: 1) assess (validate) the completeness and accuracy of the ICR, including confirmation of the caseload; 2) recommend changes in the capture of data to improve the ICR; 3) clean and standardize ICR data; 4) augment the ICR from external sources; 5) derive variables to create a research database to be made publicly available including documentation; and 6) assist the Coordinating Center by generating reports

Design and Methods


We used different strategies to achievement the above objectives.  We obtained ICR data from the Center for Quality Management (CQM), VA AIDS Service.  Sixteen flat files were transferred from the CQM to the QUERI HIV Coordinating Center (the Center), containing data from all VA health centers where HIV services are offered.  The first data transfer occurred in October of 1998 and continued on a semi annual basis to the present.  Raw data were converted into SAS data sets.  These data then underwent rigorous cleaning and formatting, with checks for inappropriate values, inconsistencies, and outliers, resulting in a research-quality database suitable for supporting quality improvement efforts.  

One of the major tasks in validating the Immunology Case Registry (ICR) has been to assess its completeness, that is, the extent to which VA patients with indicators of HIV Disease are omitted from it.  We describe here our preliminary findings from a pilot study evaluating the completeness of HIV/AIDS case finding using our case-finding algorithm.  For this analysis, we used external VA databases including: (1) Pharmacy Benefits Management file (PBM) for pharmaceutical data; (2) Patient Treatment File (PTF) for inpatient data; (3) Outpatient Clinic System (OPS) outpatient data.  In general, we identified patients on these files who had diagnoses and prescriptions consistent with HIV infection in fiscal year 1999.  We also conducted a local extraction of ICR data at 16 VA sites using a MUMPS procedure called LabGrab.  See appendix 6 for details.  

Findings

The HIV Quality Enhancement Database (QED) contains over 37,000 unique patients receiving HIV care at the VA between 1993 and 2001.  The data covers on average 17,000 unique patients per year with an average of 43 months of observation per patient.  Seventy-one percent of the cohort has been exposed to at least one antiretroviral drug for a mean duration of 26 months.  The data also shows that 43% of the patients in this cohort were treated with a protease inhibitor for a mean duration of 22 months.  This database contains patient-level data on demographics, inpatient/outpatient services utilization, pharmacy fills, deaths and causes of death, and clinical diagnoses.  The following sections describe our efforts to develop the HIV-QED.

Using an algorithm developed by the QUERI-HIV Coordinating Center, which contains a set of HIV/AIDS indicators, we have identified 1823 patients in the VA’s electronic medical record with strongly probable disease in fiscal year 1999 who were not included on the national Immunology Case Registry (ICR).  Only 20% of this group was found in subsequent years.  Classification of the 1823 patients as probable cases was based on the simultaneous probability of HIV disease associated with the presence of each of the indicators for each patient.  This number would represent more than 10% of the VA HIV population in fiscal year 1999.  While overall health service utilization among the suspect cases was similar to those in the ICR, the type of services used was different.  These patients tended to be older and had sporadic use of services, including greater use of urgent care as opposed to primary care or infectious disease care.  Details of the case-finding algorithm development and implementation can be found in appendix 1.    


In cleaning the ICR data, we discovered a tremendous amount of inconsistencies in the entry of data.  This was the result of different standards and different choices of nomenclature applied at different VA facilities, including lab names and drug names, as well as units of lab values and dispensing units of dispensed drugs.  For example, we discovered over 53,000 spellings of over 600 drugs within over 4 million outpatient pharmacy records.  Programs were written to consolidate drugs of the same type and class.  In the current QED pharmacy dataset, we have narrow down the field of possible drug names to 20 unique antiretroviral (ARV) drugs, 7 unique AIDS prophylaxis drugs, 13 anti-depressants, and approximately 500 other unique drugs.  We have processed the ARV drugs in a way that allows for assignment of number of days patients are on specific ARVs or combinations of ARVs as well as whether patients are exposed to a particular drug on a given day.  We have used these data to show the use of single and combinations of ARVs in the VA through the years and the prevalence of exposure to different levels of antiretroviral drugs at individual VA facilities.  These charts are found in appendix 2A and 2B.


We have also discovered significant amounts of laboratory data missing from the ICR lab files, including both the lab order file as well as the lab results file.  Compared to lab data local to 16 VA sites, we discovered significant discrepancies between data in the QED and data extracted at these sites.  One general observation about the quality of the QED data is that fact of lab data has been poor and will likely remain poor with time.  While the number of CD4 test listed in Labgrab increased from nearly 29,000 to 40,000 between 1997 and 2001, the number of CD4 count test orders identified in the QED actually decreased from 26,000 in1997 to 23,300 in 2001.  Lab results in the QED data showed significant amounts of missingness as well compared to Labgrab data.  However, there appears to be a trend in improvement for the capture of ICR CD4 counts data.  Similar comparisons between ICR lab data and local VISTA lab data were performed for HIV viral load measures and total lipid measures.  These comparisons revealed similar trends with improvements in capture of lab test results.  These comparisons are shown in appendix 3A-C.

The accuracy of ICR data has been evaluated in a number of ways.  There were a number of problems with the patient demographic dataset we had to contend with.  First, there were often times more then one record per patient, meaning that some patients had multiple and conflicting data on elements such as race and gender.  We have dealt with this problem by matching these records with the Master Veteran Record (MVR).  In the original ICR file, there were 55,073 such records for 37,955 unique patients.  Among them, 1653 had 2 records containing different race designation and 48 had 3 records with different race designations.  By comparing to information in the MVR, we have been able to assign a single race and gender designation to each patient.

We conducted a retrospective cohort study of cardiovascular and cerebrovascular events in HIV patients.  This study was made possible by the availability of clean and standardized pharmacy data, comorbidities data, as well as external data such as National Death Index data, all of which are critical elements of a well-designed research study.  One of the major conclusions of this study was that despite a high prevalence of exposure to antiretroviral agents, particularly protease inhibitors and nucleoside reverse transcriptase inhibitors, there was no evidence of a short-term increase in the risk of cardiovascular and cerebrovascular events in this population.  Full text of this study can be found in the attached manuscript.

Discussion and Implications

Using the HIV-QED, practice patterns can be described, outcomes studied, and benchmarking undertaken.  The development of this database has played a critical role in the success of other quality improvement efforts under the QUERI-HIV program.  One such effort assesses the quality in two important areas of HIV care – antiretroviral mediations and opportunistic infection screening and prophylaxis – and explores the determinants of high quality care.  The QED project supports this effort by providing the indicators for measures of clinical outcomes like hospitalization and immune status.

The QUERI-HIV group intends to continue the development of the QED; with regular updates of the national ICR data as well as augmentation with external data not already available in the standard ICR database.  However, the CQM has put in place a new procedure for requesting and accessing ICR data.  Though we do not expect our ability to obtain ICR data to change, the request process has been made more rigorous to ensure compliance with HIPAA regulations.  We are completing the process of producing a technical report that would serve as documentation for the HIV Quality Enhancement Database (QED).  This document will describe the various data sources contributing to the QED and the most pertinent efforts to date that have taken place towards the goal of producing the HIV-QED.  It will also provide in much detail the results of our efforts to evaluate the quality of the data contained in the QED, including the representation of HIV-infected veterans in the QED as well as the completeness of data for individual data elements.  In addition to being a supporting document to the research database, the technical report will also highlight the HIV patient population cared for by the VA.  It will describe the demographic distribution of the cohort as well as utilization patterns during the time covered by this database.  Additionally, the extensive pharmacy data as well as diagnosis data will allow for the assessment of treatment and adherence patterns with relevant clinical endpoints.  In the short term, this database can be used to produce an annual epidemiologic profile of the HIV-infected population in the VA.  In the long term, the database can be used to identify strengths and weaknesses in the HIV care delivery process in the VA.  Evidence derived from studies made possible by this database can be used to inform policy for healthcare delivery in the VA.  The HIV-QED data dictionary and variable list that will be a part of the QED technical report can be found in appendix 4 and 5.

Findings regarding the limitations of the ICR data have been communicated with the CQM.  For example, we are cooperating with the CQM to improve future ICR case identification with our case-finding algorithm.  This effort is aimed at minimizing the number of HIV infected patients potentially missed by the current ICR capture mechanism.


There are a number of remaining quality issues in the QED.  While some important data elements such as antiretroviral drug prescription fills and standard demographic descriptors have been cleaned, many more elements require additional cleaning and processing.  Furthermore, laboratory data is still incomplete.  The promising improvements in capture of lab results in the near future does not address the remaining need to backfill historical lab data into the QED.  We have demonstrated the effectiveness of a MUMPS-based lab data extraction package at 16 local VA sites.  Details of this program and implementation at 16 sites can be found in appendix 6.  We have proposed to implement this retrospective lab data extraction procedure at all VA sites providing HIV care, as part of another larger research effort.  This effort should address the pressing need for lab data such as CD4 counts and HIV viral load, variables that are critical for clinical epidemiology as well as quality improvement research.


As we make this research database available to all VA investigators with proper affiliation and clearance, the issue of patient privacy and confidentiality has become an important focus of the overall effort.  QUERI-HIV has developed a HIV-QED data use policy that regulates the transfer of QED data to non-QUERI HIV investigators and staff.  This data use policy, known as the Request for Data Use (RDU) agreement (see appendix 7), specifies qualifications for use of the data, protocol for application for the data, the review process, and responsibilities of the user for maintaining the security of the data, all of which were designed to ensure the privacy and confidentiality of patient data and compliance with HIPAA regulations.
d.  Project changes

There have not been significant changes to the objectives and aims originally proposed.  All of the objectives have been addressed in our work as discussed in the highlights section of this report.  Likewise, there have not been significant changes to the methods proposed for achieving the proposed objectives.  Minor changes in methodology have taken place to address issues that have surfaced pursuing our primary objectives.  For example, assessment of the lab data revealed a significant amount of missingness.  Though not originally proposed as a specific methodology for improving the quality of the QED data, a procedure called “LabGrab” was implemented to capture lab data at 16 VA sites that provide HIV services.  Implementation of this procedure achieved two objectives.  First, this data served as gold standard for the volume of labs ordered and lab results registered at these sites.  We were thus able to compare ICR data from the same sites to assess the degree to which fact of lab data and lab results data were missing from the ICR.  Additionally, this procedure provided the data necessary for construction of outcomes variables used in another quality improvement study under the QUERI-HIV program.  Another minor change in methodology involved the use of pharmacy data from the Pharmacy Benefits Management (PBM) database.  We had proposed to validate and supplement the ICR data with PBM data.  However, upon careful comparison of the PBM data with ICR pharmacy data, we concluded that incorporation of PBM data would not significantly enhance our database.  Therefore, PBM data was not incorporated into the QED.  This data did, however, inform our efforts to develop a case-finding algorithm in order to assess the completeness of ICR capture.  The use of PBM data for this effort is described in the enclosed documentation for case-finding algorithm development.


There have been significant personnel changes for this project.  During the 3 years duration of this project, there have been changes in the personnel affiliated with this project from top to bottom.  The most significant change in personnel was the departure of Dr. Eduardo Ortiz, one of the original co-principal investigators for this project.  Most of these changes in personnel have been documented in previous annual progress reports.  Key additions to the personnel included the addition of Dr. Henry Tam, an epidemiologist, and Dr. Christopher Ake, a statistician.  


There have not been any changes in the project budget as well as timeline for project completion.  We were, however, approved for a 2-month extension for the submission of this final report.

e.  Publications and Product List

a. Publications and Working Papers:

Bozzette SA, Ake CA, Tam HK, Chang SW, Louis TA.  A retrospective study of

cardiovascular and cerebrovascular events in HIV patients.  N Engl J Med 2003;348:702-10.

b. Abstracts and Presentations:

Bowman C, Slipchenko T, Bommakanty U, Bozzette SA. Assessing completeness of the VA's Immunology Case Registry using a casefinding algorithm.  VA HSR&D Annual Meeting, Washington, DC; February 2003.

c. Planned Publications:

Tam HK, Bowman C, Bozzette SA.  Developing the HIV Quality Enhancement Database (QED): Evaluating Adherence to Evidence-based Best Practices, Including Pros and Cons of Using Multiple Databases.  JAMIA (Manuscript in preparation)

d.
Other Products

1. LabGrab procedure

A part of the QUERI-HIV “Improving HIV Quality of Care” project involves tracking key clinical indicators. To overcome the limitations of the Clinical Reminders system that is being tested in this study, we explored other options to generate valid and reliable data, while maintaining absolute patient and provider confidentiality. Our best recourse to achieve this is implementation of a MUMPS routine called “LabGrab”, which compares ICR and CPRS information and puts it in a parallel, de-identified format.

2. HIV/AIDS case-finding Algorithm

We developed an algorithm to identify patients with HIV Disease on external VA data sources. Our algorithm is based on the presence of fourteen HIV/AIDS indicators, such as prescriptions of antiretroviral drugs and diagnoses of AIDS, HIV Disease, or highly specific opportunistic complications of HIV Disease.  Each indicator was assigned a probability for likelihood of independently identifying an actual case.  Probabilities were determined by Delphi consensus among a panel of HIV clinicians and researchers.

Probable cases were culled from the combined VA electronic medical record and pharmacy package for FY99. Finally, we compared the population of patients identified with an algorithm to the population on the registry.

3. Request for Data Use (RDU) forms

The mechanism by which legitimate VA investigators and quality improvement personnel will obtain access to data from the QED will be the Request for Data Use (RDU).  The RDU outlines the standard operating procedure for the submission and review of an RDU.  The document also outlines the responsibilities of the requester for fulfillment of successful requests.  These responsibilities include signing an agreement to ensure the privacy and confidentiality of the data as well as the security of the data, destruction of the dataset upon completion of the research project, and providing brief status reports annually including notification of project completion.  

In summary, a request for data use application is submitted to the QUERI-HIV Coordinating Center.  The application is forwarded to a review committee of 5 members comprised of the QUERI-HIV Research Coordinator (or designee representing the Coordinating Center), the Clinical Coordinator (or designee representing the AIDS Service), two other members of the QUERI-HIV Executive Committee, and another VA investigator.  The reviewers will consider: 1) scientific merit of the proposed analysis; 2) importance of the proposed analysis; 3) qualifications of the investigators; 4) commitment of the investigators to protect the privacy of the patients and medical providers represented on the QED, including agreement to sign and abide by a confidentiality agreement (attached as Appendix B); and 5) overlap with previously approved proposals and with the periodic descriptive analyses that will be jointly produced by the QUERI-HIV and the Center for Quality Management in HIV.  The reviewers can return with one of three decisions: 1) Approval, 2) Request for modification, 3) Disapproval.  In case of disapproval, procedures are in place to allow the proposer to appeal the decision.  Details of the RDU can be found in appendix 7.
4. HIV-QED technical report

A technical report, intended to serve as the primary supporting document for the HIV-QED, will be made available within the next 6 months to provide qualified investigators interested in using the QED with information to describe the QED cohort, the quality of the data, and caveats in the use of these data for research purposes.  The technical report will also contain a comprehensive list of data elements available in the QED as well as a data dictionary to compliment the variable list.

f.  Full Publications

1.
Bozzette SA, Ake CA, Tam HK, Chang SW, Louis TA.  A retrospective study of

cardiovascular and cerebrovascular events in HIV patients.  N Engl J Med 2003;348:702-10.
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Abstract

Introduction: 

HIV-associated metabolic abnormalities, including dysglycemia and hyperlipidemia, are increasingly prevalent, and an association with accelerated cardiovascular and cerebrovascular disease is feared.

Methods:

A retrospective study of the risk of cardiovascular and cerebrovascular disease in the 36,766 patients who received HIV services at U.S. Veterans Affairs facilities between January 1993 and June 2001.

Results: 

Antiretroviral use was as follows: 70 percent took nucleoside analogs, 42 percent took protease inhibitors, and 26 percent took non-nucleoside reverse transcriptase inhibitors for medians of 16, 17, and 9 months, respectively.  Approximately 1,000 patients took combination therapy with a protease inhibitors for at least 48 months or with a non-nucleoside reverse transcriptase for at least 24 months.  Between 1995 and 2001, hospital stays for cardiovascular or cerebrovascular disease decreased from 1.7 to 0.9 events per 100 patient-years, while all-cause mortality decreased from 21.3 to 5.0 deaths per 100 patient-years. Patient-level regressions indicated that use of nucleoside analogs, protease inhibitors, or non-nucleoside reverse transcriptase inhibitors was not associated with the hazard for cardiovascular or cerebrovascular events, but was associated with a decreased hazard for all cause mortality.

Conclusions: 

Use of newer HIV therapies by VA patients was accompanied by a large mortality benefit that was unmitigated by increased in cardiovascular or cerebrovascular morbidity or mortality.  Fear of accelerated vascular disease need not compromise antiretroviral therapy over the short-term.  However, prolonged survival makes the chronically HIV-infected candidates for vascular disease risk reduction, and suggests that longer -term observation and analysis are indicated.

Introduction

Widespread use of potent combination antiretroviral therapy dramatically improves survival in the HIV-infected, but introduces issues of chronic management.1,2  HIV-associated abnormalities of lipid and insulin metabolism have been recognized, and there is an increasing prevalence of fat redistribution, frank diabetes, and hyperlipidemia.3-10 There are reports of premature cardiovascular and cerebrovascular disease, and of endothelial dysfunction, possibly linked to both drug effects or to HIV infection itself.10-18  All of this has raised concerns about highly active therapy in the minds of providers and patients.

We used anonymous US Department of Veterans Affairs (VA) databases to construct a large retrospective cohort of patients receiving HIV care, and used that cohort to evaluate trends in cardiovascular and cerebrovascular disease rates and the relationship between risk of disease and antiretroviral therapy. 

Methods  

This project was conducted under the auspices of the Oversight Committee for the Evaluation of the Metabolic Complications of Highly Active Antiretroviral Therapy, convened by the European Medicine Evaluation Agency, but final decisions regarding this research and report rested with the authors. The study was approved by the Committee on Human Subjects at the University of California, San Diego, and the VA San Diego Healthcare System, which did not require informed consent.  

Our data source was the Quality Enhancement Database for HIV (QED-HIV), which we developed using anonymous information obtained from the Master Veteran Record National Database and VA National Patient Care (utilization) databases, and the Immunology Case Registry (ICR) of the VA AIDS Service.19  The latter is formed by sweeping data on HIV patients seen from a local registry at each VA facility to a central database, which contains no patient identifiers save an encrypted number used to “unduplicate” patient data across facilities.  Coding schemes and intermediaries were used to augmented vital status data with information from VA death benefit claims, Social Security records, and, through 1999, the National Death Index. We classified cause of death, only available from the NDI, using entity coding. Pharmaceutical use was calculated by estimating the number of days covered by each prescription. Overall, it is expected that records describe care received by veterans well because the VA data systems are relatively uniform, and because services are comprehensive and usually free, including direct provision of all FDA-approved antiretrovirals.  Evidence of this includes the facts that primary diagnoses were available for 96% to 99% of inpatient stays, and that less than 5 percent of deaths were only found in non-VA sources.

We report on five outcomes: 1) inpatient stay for cardiovascular disease, 2) inpatient stay for cardiovascular or cerebrovascular disease, 3) inpatient stay or death from cardiovascular or cerebrovascular disease, 4) all cause mortality, and 5) all cause mortality or inpatient stay for any cardiovascular or cerebrovascular disease. In order to convert ICD-9 and 10 codes to the dependent variables listed above, we convened a panel including senior coders/abstractors and researchers in infectious diseases, neurology, and cardiology. We included the following ICD-9 codes when in the first 3 positions for cardiovascular and the first 5 for cerebrovascular disease: 410 Acute myocardial infarction, except with a fifth digit of 2, 411 Other acute and subacute forms of ischemic heart disease, 413 Angina pectoris, except 413.1, 414 Other forms of chronic ischemic heart disease, except 414.1, 36.0 (procedure code) Removal of coronary artery obstruction and insertion of stent(s), 430 Subarachnoid hemorrhage, 433 Occlusion and stenosis of precerebral arteries, 434 Occlusion of cerebral arteries, 436 Acute but ill-defined cerebrovascular disease, 437.0 Cerebral atherosclerosis, 437.1 Other generalized ischemic cerebrovascular disease, and 431 intracerebral hemorrhage or 435 transient cerebral ischemia.  Cerebrovascular diagnoses were included only in the absence of codes for infections suggestive of HIV or drug dependence.   Measures of attributable mortality mimicked those for inpatient stays, using ICD-9 to ICD-10 conversion tables to code deaths for 1999.

We determined the date of first VA care for HIV from the date of registration in the ICR, or of the first HIV-related laboratory test or hospital admission. We used multiple imputation as implemented in SAS Proc MI to impute race for seven percent of the study population, risk for 13 percent, and severity or age in less than 0.5 percent.  We analyzed the five resulting data sets using Proc MIANALYZE in order to incorporate the uncertainty of prediction.  We characterized the study population and all covariates in the original and imputed data sets using standard descriptive statistics, and examined the multiple entry into/exits out of VA care. We combined and selected variables to include in our models using prior knowledge and correlations among covariates. We tallied outcomes and pharmaceutical use by year, and calculated densities as events or years-of-drug-dispensed per 100 years of patient observation.

Prior to modeling, we arranged all datasets into counting process format in order to accommodate staggered entry and exit, applying adaptations of the Therneau/Grambsch Mayo Clinic macros (e.g., survtd, schoen), and handling tied survival times using Efron’s method.20,21  We generated Kaplan-Meier curves for all models. We checked the proportional hazards assumption for the various sets of covariates (standard set of time-independent covariates plus exposure variables) by examining stratified log[-(log(S(t)))] curves.  We conducted event-time modeling using the calendar time interval of 1 January 93 (or the date of first VA HIV care if later) through 30 June 01 for all outcomes except for attributable mortality, which was necessarily truncated at 31 December 1999. Patients were censored at the end of the study, at death, or six months after the last VA care.  We selected this period because our analysis of visit data indicated that veterans in HIV care were unlikely to return to the VA for services after a gap of that length.

Regression models included a standard group of time-constant covariates (year of first VA care for HIV, race, ethnicity, sex, age, HIV risk group, severity of illness, history of AIDS-defining diagnosis, diagnosis of drug abuse, and prior treatment for serious vascular disease, diabetes, hypertension, hyperlipidemia, or smoking) as well as time-varying covariates for antiretroviral drug use. These included variables for “cumulative months exposed” to each of the three classes of antiretroviral drugs, and three variables equal to the square of these terms. Cubic terms added little and were omitted. We included “ever exposed” variables for each drug class set equal to one after the first month of treatment in order to partially correct for selection by absorbing effects of starting therapy. In some specifications, we stratified by calendar time to test for the relative effects of secular trends. We report model results as an estimate of the hazard ratios for 24 versus no months of exposure using the formula:

log(hazard ratio) = 24*(linear exposure term + 576*(quadratic exposure term.

Results 

We identified 36,766 patients who used VA services for HIV disease during the eight-year reference period, including 21,659 who were alive at the end of the study period. Mean follow-up was 40 months, and total follow-up was 1,463,227 patient-months. Compared to typical American HIV patients, VA cohort members were more likely African-American (50 percent) and far more likely to be men (98 percent)(Table 1).22  The VA group was also slightly older (18 percent being <35 years old) and less ill (37 percent asymptomatic with more than 500 CD4+ cells/mm3 at diagnosis). However, only 11 percent were older than 55 and 29 percent had an AIDS-defining illness at presentation to the VA. About 24 percent had been previously treated by the VA for diabetes, hypertension, hyperlipidemia, or smoking, and 7 percent for vascular disease.

Seventy percent (25,821) of patients took antiretrovirals for a mean of 15 months each, a total of 641,820 patient-months (table 2, figure 1).  Essentially all of these took a nucleoside analog for a median of 17 (interquartile range 5, 37) months and a total of 609,553 patient-months.  Forty-two percent (15,296) took protease inhibitors for a median of 16 (6, 33) months and a total of 323,489 patient-months.  Thirty-six percent (9,420) took non-nucleoside reverse transcriptase inhibitors for a median of 9 (4, 17) months and a total of 112,168 patient-months. About 99% of exposure to the latter two classes was in combination with a nucleoside analog, with about 1,000 of those patients taking combination therapy including a protease inhibitors on treatment for at least 48 months and about 1,000 of those taking combination therapy including a non-nucleoside reverse transcriptase on treatment for at least 24 months.

Overall, there were 1,207 admissions for cardiovascular disease, 1,764 admissions for cardiovascular or cerebrovascular disease, and 2,006 admissions or deaths attributable to cardiovascular or cerebrovascular disease (table 2). Population rates of these events remained constant or declined over the eight years of observation, averaging about 1, 1.5, and 2 per 100 patient-years of follow-up, respectively (figure 1). The overall death rate dropped steadily after the introduction of highly active antiretroviral therapy, from a peak of 21 in 1995 to about 5 per 100 patient-years in 2001. Rates for the combined endpoint of cardiovascular or cerebrovascular admission or death from any cause fell in a parallel fashion. Population rates for first events were necessarily lower, but trends were similar (data not shown). 

Patient-level analysis showed that rates for inpatient stays for cardiovascular or cerebrovascular disease (figure 2) and for deaths due to cardiovascular or cerebrovascular disease did not increase with increasing exposure to antiretroviral therapy (not shown).  The remainder of the patient-level analyses used regression to control for effect of secular trends and covariates.  Time-to-first-event models showed that the hazard for admission due to cardiovascular or cerebrovascular disease was significantly higher for older patients, and those with more advanced HIV disease, an AIDS-defining illness, a history of treatment for a cardiovascular risk factor or pre-existing vascular disease, and earlier entry into VA HIV care.  The relationships between covariates and the hazard for other endpoints were similar.

Models for the effect of exposure to each of the three classes of antiretrovirals were estimated controlling for the covariates listed above, for antiretroviral use, and partially for selection into treatment.   Use of any of the three classes of antiretroviral drug was associated with a reduced hazard for all-cause mortality and for the composite endpoint of inpatient stay due to cerebrovascular or cardiovascular disease or death from any cause, but not to other vascular disease outcomes.  Table 3 (first three rows) expresses the lack of association in terms of 24 versus 0 months exposure to antiretrovirals, a period chosen for its clinical relevance and because we had substantial experience with all agents for at least this long.  In stratified analyses, there was no association between vascular outcomes and exposure to any antiretroviral group in either the early or the late strata, although the hazard ratios for the earlier strata tended to be somewhat higher. To better reflect clinical practice, we estimated the relationship between outcomes and the combination of a nucleoside analog and either a protease inhibitor or a non-nucleoside reverse transcriptase inhibitor.  Results were similar to that for monotherapy, except that reductions in the hazard for mortality are larger (Table 3, last 2 rows).  

For perspective, we adjusted US population rates of cardiovascular and cerebrovascular disease to the age and sex distribution of the study cohort. The average of the 1995, 1997, and 1999 adjusted US rates was 11.8 per 1000 per year for cardiovascular and 14.1 per 1000 per year for cardiovascular or cerebrovascular disease compared to 8.1 and 11.7 per 1,000 per year in the study cohort.    

Discussion

Large increases in antiretroviral use by a large population of HIV-infected VA patients during the second half of the 1990’s were accompanied by small decreases rather than the feared increases in cardiovascular or cerebrovascular event rates and hazards.  Moreover, rates and hazards for the key composite outcome of “first inpatient stay due to cardiovascular or cerebrovascular diagnoses or death from any cause” also dropped. This indicates that, even if cardiovascular and cerebrovascular complications were equivalent to death, HIV-infected patients have been enormously better off since the advent of highly active antiretroviral therapy. 

These results are not consistent with case series indicating an excess of myocardial infarctions associated with short-term use of a particular drug or drug class. The reasons for these inconsistencies are not clear; potential explanations include that possibility that the latter studies do not correct for selection or are not robust due to small numbers. It is also possible that our results only apply to men, reflect a counterbalancing benefit of starting antiretroviral therapy on possible HIV-related vascular disease, or have greater potential for bias because of the retrospective design.23 

We are confident that included endpoints are accurate reflections of medical and vital records, but the choice of endpoints was limited by the available data. We are less confident of our ability to control for risk factors.  The absence of laboratory and medical records required a reliance on surrogates for staging and clinical status. The ecological analysis of trends in vascular event rates is reassuring in this regard, unless changes in these risk factors were offsetting an increased risk due to exposure to antiretrovirals. This seems unlikely because of the timing and effect size.   However, the use of anti-lipemics (statins, niacin, gemfibrozil, etc) by VA HIV patients has increased from 61 users in 1990, to 140 in 1995, and 2,417 in 2001.

As an observational study, this work is also subject to selection effects: outcomes may be associated with being the type of patient who is started and adherently continues on treatment.  If this the case, both the outcome and the cumulative exposure are dependent in part on health behaviors and tolerance for treatment. The resulting bias may be in either direction, depending on whether outcomes are associated with a higher or lower likelihood of being on treatment. We do not think this a serious risk because we found no association between antiretroviral prescribing and vascular risk, and we partially adjusted for this possibility using covariates. Finally, it may be that restricting our evaluation to classes rather than individual drugs diluted some effects.

Most of the observations made in this study were short-term relative to the amount of time usually needed to develop serious vascular disease.  For this reason, these observations do not imply that the metabolic abnormalities associated with treated HIV are of no concern. Lipodystrophy is harmful in itself because of its large effect on self-esteem and quality of life, and is associated with hypercholesterolemia and other abnormalities.24  Hyperglycemia can cause considerable short- and long-term morbidity. Hyperlipidemia is a leading risk factor for atherosclerotic disease. It is reasonable to expect that metabolic abnormalities will be harmful to the HIV-infected over the longer-term; indeed, HIV patients with a history of treatment for diabetes or hyperlipidemia had a much higher rate of vascular events than those without such a history.

We conclude that fear of accelerated vascular disease should not deter patients and providers from employing the highest quality process of HIV care, as defined by the use of guideline-compatible combination antiretroviral therapy, and that the HIV-infected are appropriate candidates for all usual risk reduction and health maintenance modalities.

Table 1: Selected characteristics of 36,766 VA HIV patients seen between Jan 1993 and Jun 2001.

	
	Value
	Percent Study Population*
	Percent All Adults In Care, 1996**
	Percent All Adult Men In Care, 1996**

	Sex
	Male
	98.1
	77.4
	100

	
	Female
	1.9
	22.6
	-

	Age at date of first care for HIV
	<35
	17.6
	
	

	
	35-55
	71.3
	
	

	
	>55
	11.0
	
	

	Race
	American Indian
	0.3
	0.8
	0.8

	
	Asian
	0.3
	0.9
	1.0

	
	Black
	52.4
	34.2
	27.3

	
	Other
	2.8
	1.4
	3.2

	
	White
	44.2
	62.7
	67.7

	Risk factor
	IV
	30.5
	24.1
	23.0

	
	MSM
	27.0
	48.6
	62.5

	
	Hetero
	13.4
	18.4
	8.9

	
	Other
	2.4
	3.3
	2.4

	
	Unknown
	26.8
	5.5
	3.3

	
	
	
	
	

	Initial Severity
	CD4 > 500 asymptomatic
	36.7
	9.5
	8.1

	
	CD4 200-500 asymptomatic
	22.5
	5.6
	6.0

	
	AIDS related complex (ARC), symptomatic
	8.8
	31.9
	29.9

	
	CD4 <200 asymptomatic or symptomatic, or AIDS opportunistic condition
	32.0
	53.1
	56.0

	AIDS-defining illness prior to date of 1st VA care for HIV
	No
	71.3
	-
	-

	
	Yes
	28.7
	-
	-

	Treatment by VA for diabetes, hypertension, hyperlipidemia, or smoking prior to date of 1st VA care for HIV
	No
	76.1
	-
	-

	
	Yes
	23.9
	-
	-

	Treatment by VA for any vascular disease prior to date of 1st VA care for HIV
	No
	93.4
	-
	-

	
	Yes
	6.6
	-
	-


*We do not present confidence intervals because percentages refer to a census rather than a sample of patients known to be treated by the Veterans Health Administration during the study period. However, if the cohort were a sample, confidence intervals would be small. 

**Data from the HIV Cost and Services Utilization Study.  See Ref 21. 

Table 2: Patients seen, antiretroviral therapy used, and endpoint events.

	
	
	Months Dispensed
	Events

	Year
	Number of patients at risk in the year
	Nucleoside analog
	Protease Inhibitor
	Non-nucleoside RT inhibitor
	Any antiretroviral
	Inpatient stay for any cardio-vascular disease
	Inpatient stay for any cardio-or cerebro-vascular disease of interest
	Inpatient stay or death from cardio- or cerebro-vascular disease**
	All cause mortality
	Inpatient stay for any cardio- or cerebro-vascular disease or death from any cause

	1993
	16,763
	35,081
	0
	0
	35,081
	134
	207
	246
	2,273
	2,457

	1994
	18,055
	32,681
	4
	0
	32,682
	137
	225
	389
	2,860
	3,071

	1995
	17,717
	37,944
	45
	2
	37,973
	141
	234
	298
	2,922
	3,138

	1996
	16,976
	62,206
	15,575
	75
	64,269
	150
	225
	283
	2,221
	2,432

	1997
	16,779
	90,153
	55,436
	4,922
	94,138
	136
	184
	247
	1,305
	1,481

	1998
	17,357
	93,665
	72,720
	15,321
	100,691
	157
	212
	269
	1,104
	1,308

	1999
	18,183
	100,506
	74,530
	30,623
	107,685
	149
	198
	274
	1,064
	1,250

	2000
	18,610
	101,892
	69,699
	38,542
	109,818
	150
	203
	
	915
	1,111

	2001*
	17,891
	55,405
	35,480
	22,683
	59,483
	53
	76
	
	410
	483

	All
	36,766
	609,533
	323,489
	112,168
	641,820
	1,207
	1,764
	2,006
	15,074
	16,731


*Through June 2001 only.

**Cause of death data not available after 1999.

Table 3: Estimated Hazard Ratios for 24 Compared to 0 Months Exposure to Antiretroviral Drugs, Controlling for Covariates (see text).
	
	Inpatient Stay for Cardiovascular Disease
	Inpatient Stay for Cardio- or Cerebro- vascular Disease
	Inpatient Stay or Mortality for Cardio- or Cerebro- Vascular Disease
	Mortality Due to Any Diagnosis
	Inpatient Stay Due to Cardio- or Cerebro- vascular Disease or Mortality Due to Any Diagnosis

	Observation Period
	1/1993 to 6/2001
	1/1993 to 6/2001
	1/1993 to 12/1999
	1/1993 to 6/2001
	1/1993 to 6/2001

	By class, controlling for exposure to other classes

	Nucleoside reverse transcriptase inhibitor
	0.88 (0.63, 1.22)

P=0.72
	0.86 (0.66, 1.11)

P=0.49
	0.88 (0.68, 1.14)

P=0.34
	0.67 (0.62, 0.72)

P<.0001
	0.69 (0.64, 0.74)

P<.0001

	Protease inhibitor
	1.23 (0.78, 1.93)

P=0.57
	0.79 (0.54, 1.14)

P=0.40
	     0.92 (0.61, 1.40)

P=0.88
	0.54 (0.47, 0.61)

P<.0001
	0.56 (0.49, 0.64)

P<.0001

	Non-nucleoside reverse transcriptase inhibitor
	1.09 (0.56, 2.09)

P=0.97
	0.96 (0.55, 1.68)

P=0.85
	1.10 (0.38, 3.19)

P=0.97
	0.62 (0.50, 0.77)

P<.0001
	0.62 (0.50, 0.76)

P<.0001

	By combination of classes

	Nucleoside analog & Protease inhibitor
	     1.08 (0.69, 1.67)

P=0.85
	0.67 (0.47, 0.97)

P=0.28
	0.81 (0.54, 1.23)

P=0.46
	0.36 (0.32, 0.41)

P<.0001
	0.38 (0.34, 0.44)

P<.0001

	Nucleoside analog & Non-nucleoside reverse transcriptase inhibitor
	0.95 0.47, 1.93)

P=0.95
	0.82 (0.45, 1.50)

P=0.79
	0.96 (0.32, 2.88)

P=0.70
	0.41 (0.33, 0.52)

P<.0001
	0.42 (0.34, 0.53)

P<.0001


*P values are for the joint significance of the linear and squared exposure terms.

Figure 1: Changing rates. Left: use of antiretroviral drugs. Right: Serious Vascular events and deaths.
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Figure 2:  Rates of Inpatient Stay for Cardiovascular or Cerebrovascular Disease with Increasing Exposure to Combination Antiretroviral Therapy.  NA = nucleoside analog.  PI = protease inhibitor. NN= non-nucleoside reverse transcriptase inhibitor.  No Combo = no exposure to the relevant combination.
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TITLE:

Assessing Completeness of the VA’s Immunology Case Registry (ICR) Using a Casefinding Algorithm 

OBJECTIVES:

A probabilistic casefinding algorithm was developed to assess the completeness of the ICR.  Patient characteristics and patterns of service utilization of ICR cases were compared to those newly discovered to detect differences that may have influenced the quality of care received.  

METHODS:

Fourteen HIV/AIDS-related ICD-9-CM codes and medications were selected and assigned probabilities by expert consensus for identifying actual cases.  The algorithm was then used to cull probable cases from the merged FY99 national VA inpatient and outpatient electronic medical record and the pharmacy benefits databases (AAC). 

RESULTS:

Of over 3 million records screened, 50,000+ patients were found with HIV-related diagnoses and/or medications.  Using the algorithm to compare product probabilities (P) for ICR cases (n=15,596, median P(1.00) with probable cases culled from the AAC (n=4,749, median P=.94), we chose P>.97 as our criterion for identifying cases with a high degree of certainty (95% ICR cases had P>.97). Of the AAC cases, 1,870 (39%) met the certainty criterion; however, 1,400 had only a single code for AIDS.  We considered the remaining 470 AAC patients to be true undercounts (UC).  UC tended to be more female, black, and older than the UC cases, although race and age are underreported on the AAC.  Analysis of service utilization patterns showed a predictably higher use of primary care and general internal medicine services by ICR patients (8.0% vs. UC 1.7%) who often receive that type of care from their infectious diseases providers; a markedly higher use of urgent care (ICR 6.4% vs. UC 51.7%); and a markedly lower use of antiretroviral drugs (ICR 77% vs. UC 23%).

CONCLUSIONS:

Our algorithm performed well in identifying known HIV/AIDS cases.  We also determined that a notable number of HIV-infected individuals were not included in the VA’s Immunology Case Registry during FY99 and, therefore, not in HIV-specific care.  

IMPACT:

Identifying HIV/AIDS cases for the distinct purpose of bringing them into specialized care is essential for the patient and a strong quality improvement issue for the VA.  Understanding their patterns of outpatient utilization suggests where screening efforts may be focused.
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