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1 Executive Summary

2 Report 

2.1 Introduction

We report on the rationale, data sources, methods, findings, and implications of a retrospective cohort study of trends in hospital admissions for and deaths from cardiovascular and cerebrovascular events and in all-cause mortality among U.S. veterans under care for HIV, with particular reference to changing use of antiretroviral drugs, by class. This main report is sufficient to understand the work independent of other material. For completeness, we include extensive additional material in an appendix. This material includes project memos and other technical materials, more extensive versions of tables included in the main report, output from pre-analysis and analysis computer runs, and the programs/macros used to generate that output.

2.1.1 Background

Recent achievements in HIV/AIDS therapeutic development have resulted in longer life expectancy among those infected with the HIV virus. Age-adjusted death rates worldwide have declined by more than 50% between 1995 and 1997 [1, 2], a period when patients were beginning to be placed on antiretroviral therapy (ART) containing protease inhibitors and non-nucleoside reverse transcriptase inhibitors. Along with the enthusiasm associated with the successes of these new combination treatments, some concerns have been raised in the past few years regarding the potential adverse effects. There have been many anecdotal reports of patients experiencing a variety of metabolic abnormalities such as lipid disorders and fat redistribution. There has also been an increase in the number of reports by physicians of cardiovascular/cerebrovascular morbidity and mortality in patients using protease inhibitors. Taken together, these observations suggest a potential risk among HIV-infected persons treated with protease inhibitors for cardiovascular diseases mediated partly by metabolic abnormalities.

Evidence for an association between use of protease inhibitors and a syndrome of lipodystrophy and dyslipidaemia was mounting when the FDA issued a warning in 1997 that patients be made aware of this potential side effect. [3] These syndromes have been described by various authors. [4, 5] The syndromes range from fat disposition in the breasts of women and over the dorsalcervical spine region, often called the “buffalo hump” to loss of muscle mass in the face, arm and leg regions. [6-8]
2.1.1.1 Lipodystrophy

The cause of these syndromes is not exactly known, partly because it has been seen among individuals not yet on antiretroviral therapies. Some evidence points to an association between metabolic abnormalities and the use of antiretroviral therapies, particularly regimens containing protease inhibitors (PI). At this point, most of these studies pertain to the use of ritonavir, saquinavir and sometimes indinavir and nelfinavir. Furthermore, it appears that ritonavir and saquinavir are consistently associated with elevation in plasma cholesterol and triglyceride levels across studies while results for use of indinavir and nelfinavir are mixed. [4, 9, 10]  Lipodystrophy, the most often reported symptom, is generally defined by loss of muscle mass in the face, arms, and legs. A survey of HIV infected patients in a Canadian Province indicated 50% had probable lipodystrophy syndrome. [11] Studies evaluating the relationship between exposures to ART that contain protease inhibitors and metabolic abnormalities have found mixed results. In a large cross-sectional study, lipodystrophy was observed in 64% of those who had been receiving PI for a mean duration of 13.9 months but only in one HIV-infection person who was PI-naïve. [4] In terms of antiretroviral regimens, lipodystrophy was associated with having ever used PI, current use of PI, and NRTI therapies. [11] In one recent study, as much as 83% of patients treated with PI containing regimens developed fat redistribution [10] but the phenomenon was also observed in PI-naïve patients. [12]
2.1.1.2 Dyslipidemia

The onset of lipodystrophy is often observed with abnormalities in cholesterol and triglyceride profiles. However, results from studies evaluating the relationship between lipodystrophy and lipid abnormalities have been mixed. Among patients reporting body fat redistribution with subsequent confirmation by their physicians, cholesterol and triglyceride elevations have been observed. However, many of these studies lacked comparison subjects. [11] Other studies have found comparable levels of cholesterol and triglyceride elevation in both affected and unaffected subjects. [13] Hypertriglyceridaemia has been well demonstrated during HIV infection, particularly in advanced stages of the disease. [14] Nelfinavir and ritonavir have been demonstrated to increase the level of triglyceride production in mice. [15] An increase in the frequency of dyslipidaemia, particularly hypertriglyceridaemia and hypercholestoraemia, has been observed with PI use. [10, 16]  Serum cholesterol levels are also elevated in persons receiving therapies containing protease inhibitors. [17]
2.1.1.3 Insulin resistance and diabetes

Another adverse effect of protease inhibitor use is the increased risk of hyperglycemia and diabetes. Several medications for HIV therapy are thought to affect glucose tolerance. Some cases of diabetes have been reported in patients during such therapies. [18, 19]  Other studies have demonstrated the impact of PI exposure on development of insulin resistance and its reversal following the replacement of PI with a non-nucleoside reverse transcriptase inhibitor. [20, 21]  Insulin resistance was found more frequently among patients on PI with lipodystrophy than those without lipodystrophy. [4] Furthermore, insulin resistance could be demonstrated in person receiving indinavir in the absence of HIV infection. [22] There is also evidence that persons with high serum glucose levels and persons receiving insulin treatment are at higher risk for cardiovascular diseases. [23, 24]
2.1.1.4 Role of Reverse Transcriptase Inhibitors

While much attention has been placed on the apparent temporal relationship between PI use and widespread reports of the syndrome, there is some indication that nucleoside reverse transcriptase inhibitors (NRTI) may be independently associated. Because protease inhibitors are almost always used concomitantly with non-nucleoside reverse transcriptase inhibitors, it is difficult to assess the potential effect of each of these classes of drugs individually on the appearance of the syndrome. There have been reports, however, of the association between lipodystrophy and subcutaneous fat wasting and the use of NRTIs, independently of PI use. [25-28] Stavudine-containing regimens, in particular, had been identified as associated with increased risks of developing lipodystrophy in PI-naïve patients. [5, 29]  It has been hypothesized that the mechanism for NRTIs is related to the mitochondrial toxicities often linked to NRTI use. A decrease in mitochondrial DNA was observed in the subcutaneous fat tissue from the neck, abdomen and thigh of HIV-infected patients with lipodystrophy and treated with NRTI-containing HAART, compared to those HIV-infected patients similarly treated but without lipodystrophy, HIV-infected patients naïve to antiretroviral therapy, and HIV-negative persons. [30] If this were correct, it would explain the occurrences of the syndrome in PI-naïve patients. There is not yet enough data to clearly distinguish the effects of NRTIs, PIs, or the synergistic effect of these two classes of antiretroviral drugs.

The role of non-nucleoside reverse transcriptase inhibitors (NNRTIs) in the development of cardiovascular risk is unknown. Among a small group of NNRTI-naïve patients receiving indinavir with lipodystrophy, substitution of the PI with efavirenz lead in improvements in weight and abdominal girth but also resulted in elevations in lipids. [31] Other studies of NNRTI substitutions have demonstrated similar results. [32, 33]  In a randomized trial of predominantly lipoatrophic patients, switching from regimens containing PIs to one including nevirapine lead to a decline in total body fat, declines in total cholesterol and triglycerides, and an increase in high-density lipoprotein cholesterol. [34] While use of NNRTIs in place of PIs may undo some of the adverse metabolic effects, it is unclear whether this class of antiretroviral drugs might contribute to cardiovascular disease risks by other mechanisms.

2.1.1.5 Risk of cardiovascular diseases

Except for the increased risk for diabetes, these syndromes by themselves are not life threatening despite the obvious cosmetic implications. However, the principal concern with the appearance of these syndromes is the increased risk for premature cardiovascular diseases conferred by hyperlipidaemia and insulin resistance. Triglyceride has been shown to be a risk factor for cardiovascular disease by a meta-analysis in the general population. [35] Taken together this set of abnormalities make up what the World Health Organization (WHO) has called the metabolic syndrome. [36] This syndrome was demonstrated to be a more reliable predictor of cardiovascular mortality than each component individually. [37]
As HIV-infected patients live longer, their risk for cardiovascular diseases are likely to increase as a result of greater exposures to the many classical risk factors such as smoking, hypertension, obesity, lipoprotein abnormalities, and of course age. While concerns about the potential link between PI use and risk of cardiovascular diseases are valid, much of the evidence have come from anecdotal reports from healthcare providers about unusual occurrences of premature cardiovascular events among patients receiving antiretroviral therapies containing PIs. [38-41] In one small retrospective study, the incidence of myocardial infarction among those receiving PI was five times that of patients not receiving PI. [42] No large-scale study has yet to support the current suspicion that PI use poses an increased risk of cardiovascular disease. On the contrary, most epidemiological studies so far have found no evidence of such a link. [43-46] However, most of these studies involved small sample sizes and relatively short follow up. Due to the slow developing nature of cardiovascular diseases and the many factors unrelated to PI use that could also contribute to cardiovascular disease risk, it would require large cohorts of HIV infected patients heterogeneous for PI exposure with substantial follow-up time to evaluate this relationship. Putting aside all the anecdotal reports about patients experiencing unusual occurrences of cardiovascular events, a large-scale study is needed to evaluate the direct link between PI use and risk of CVD in light of the associations we have described above.

2.1.2 Research Questions

The US Department of Veterans Affairs (VA) is the largest single provider of HIV services in the United States. Each year, about 19,000 persons receive comprehensive HIV care and services through over 170 VA facilities across the United States. VA provides all acute and chronic medical care, outpatient services, pharmacy services, substance abuse and chronic mental illness treatment, and homeless programs. Pharmacy services include access to all licensed HIV drugs. Veterans bear only a small portion of the costs of their services and may receive care at any VA facility in the United States. VA uses a national electronic medical records and data system.

The VA tracks all HIV-infected patients who enter this national integrated care system through its HIV/AIDS Registry. The Registry contains demographic, drug, laboratory, and utilization information on tens of thousands of persons with HIV who have used the VA healthcare system since 1992. For example, the Registry contains data on nearly 37,000 patients contributing 1.46 million patient-months of follow-up between January 1993 and June 2001.  

Each VA facility is instructed (and has financial incentives) to enter all patients with known HIV who have received care at that site into a local registry that includes patient identifiers. The national Registry is automatically updated nightly by sweeping all local data on all patients from all sites into one national data set that contains no unencoded identifiers. For special projects, such as the QUERI-HIV, the VA will link the national data to other VA and non-VA (e.g., the National Death Index) data sources without revealing identities to investigators. Because these are patients identified at entry to care, and since the VA provides comprehensive and nearly free services, and since death can be tracked by benefits and other records independent of ongoing care at the VA, the group of persons with activity in the Registry over a specified period of time constitute a valid retrospective cohort suitable for the study of questions requiring longitudinal data. 

We have studied the following Research Questions:

· What are the trends in the incidence of certain cardiovascular and cerebrovascular events (e.g., myocardial infarction, unstable angina, stroke) requiring hospitalization by year from 1993—prior to the introduction of HAART—through midyear of 2001?  

· What are the trends in the incidence of cardiovascular and cerebrovascular events causing death by year from 1993 through midyear of 2001?  

· What are the trends in the incidence of death from any cause by year from 1993 through midyear of 2001?  

· What are the relationships among the outcomes identified above and the use of antiretroviral therapy, by class and by combination of class, with and without statistical controls for potentially confounding variables such as history of prior vascular disease?

2.2 Data

2.2.1 Overview

Data source is the VA HIV research database, known as QED-HIV, which is a highly processed data set containing information drawn largely from the Immunology Case Registry of the AIDS Service. The QED-HIV also includes data from the Veterans Administration’s Master Veteran Record (MVR) and other databases maintained at the Austin Data Center, and from the National Death Index (NDI).

The QED-HIV is the largest such database in the world, and available data on inpatient stays, deaths, and pharmaceutical use—from which the key measures for this study are drawn--are quite comprehensive and complete. Internal checks indicate that these data are consistently available for all of the years of interest, and external checks against local facility records and governmental vital records indicate that the data are quite complete. 

This level of completeness is not surprising because, once a patient’s name is added to the national Registry, all inpatient and pharmaceutical records (regardless of the drug involved) for that patient are pulled for the national Registry. It is also noteworthy that veterans receive VA services, including antiretroviral drugs, at little or no charge. Since these drugs are quite expensive, it is very likely that HIV-infected patients in VA care obtain the vast majority of their drugs through the VA. Moreover, the VA often pays for emergency inpatient care of its patients at other facilities and/or arranges transfer to a VA facility to complete care for a serious disease episode.

Importantly, information on primary diagnosis for inpatient stays is almost always present in the VA HIV research database, being available for 96% of stays before the implementation of electronic medical records at the VA in 1997, and for 99% of stays thereafter. Death data are also quite complete, having been compiled from the information noted by site personnel in the Registry (through June 2001), the VA’s Master Veteran Record National Database (MVR) record for each patient (through December of 2000), and the National Death Index (through 1999, the last year currently available). Comparing deaths by month across these datasets shows that over 60% of deaths were recorded in all three sources and an additional 20% in were in two of three. Of those only found in one source, the majority was only in the Registry, which is consistent with the likelihood of a shorter reporting lag in this source. Unfortunately, our VA datasets do not include cause of death, so this information is only available for the 84% of deaths recorded in the NDI. 

Pharmaceutical records are complete only for VA prescriptions. These should account for nearly all antiretroviral prescriptions because of the economic drivers to VA care, because paper VA prescriptions have pre-printed instructions that they are to be filled only at a VA, and because direct electronic entry of prescriptions to the facility pharmacy has been the norm at the VA for the last several years. As detailed below and in the appendices, VA pharmacy data have been particularly heavily checked and processed, including the development and use of algorithms that account for a large number of correct and incorrect spellings of brand and generic names, calculate number of days covered by each of over 1.4 million antiretroviral prescriptions filled, and classify individual drugs and combinations of drugs into clinically relevant groups.

2.2.2 IRB

This project was granted expedited review by the UCSD/SDVA Human Subjects Committee. Although the committee does not grant waivers, it approved this study without requiring informed consent based on the anonymity of the data and the potential for the study to make a meaningful contribution to clinical care.

2.2.3 Sources

The ICR, our main and most utilized source of data for this study, consists of 16 data files. Thirteen of these were needed for the current study:

1. Bed section.

2. Dental visit history. 

3. Inpatient.

4. Inpatient other procedures.

5. Inpatient surgical procedures.

6. Lab test history (results).

7. Lab test utilization.

8. Microbiology test history.

9. Outpatient pharmacy prescriptions.

10. Outpatient.

11. Patient (demographic information).

12. Radiology.

13. Unit dose pharmacy file.

Three non-informative files were not used:

1. Seen in FY.

2. Seen in month.

3. IV pharmacy (no data).

The Veterans Administration’s Master Veterans Record National Data Base (MVR) was used to supplement ICR patient records. The MVR includes demographic data such as sex, date of birth, and race. It also contains vital status information collected from VA medical records and death benefit claims, and deaths reported to the U.S. Social Security administration. The National Death Index (NDI) of the National Center for Health Statistics, a central computerized index of death record information on file in state vital statistics offices, was used as a third source of death dates and the only source of information on cause of death. The NDI is accessible on a fee basis to locally and nationally approved scientific studies, which submit test records for matching on a number of data elements. 

Agreement among the three sources is good. Of 37,084 veterans receiving HIV care between January 1993 and December 1999, which is the last date for which NDI data is currently available, 21,659 (58%) are not listed as dead by any of the sources and 9,526 (26 percent) were listed as dead by all three. Another 1,797 (5 percent) were listed as dead in two sources, and 2,842 (8 percent) were listed as dead in only one source. We accepted any report of death, but preferred a date of death from the NDI, a nationwide source of record for vital status information, when deaths were recorded in more than one source.

The NDI presents information on cause of death using modified ICD-9 codes through 1998, when vital status departments became the first to switch modified ICD-10 codes. We developed a translation table and programming to ensure continuity of coding through the switch. Throughout the study period, the NDI employed three coding schemes: 1) entity coding of all causes of death, 2) record coding of all causes of death, and 3) underlying cause of death coding. We chose to use entity coding, in which each cause listed on the death certificate is coded as by the provider without reference to the other causes, because the other coding schemes require substantial post-processing. Specific codes for endpoints are discussed below.
2.2.4 Included Patients

The schematic flowchart (Figure 2.2.4_1) below shows that the data sources cited above resulted in the primary study population of 36,766 patients with identified HIV disease and some use of VA services between 1 January 1993 and 30 June 2001, and that 15,107 of these persons were known to have expired. The number of patients in care and composition of the population was quite stable, with a mean follow-up of 40 months resulting in 1,463,227 patient-months or 121,936 patient-years of follow-up. For analyses of attributable mortality, which currently must be truncated at 31 December 1999, 92% of the total study population (33,751) and a somewhat higher percentage of the total patient-months of observation are available.
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2.2.5 Data Cleaning

Data cleaning included logical checks on relations among dates and other data items, and investigation, correction, and rarely deletion of obviously erroneous data (e.g., the VA records for a patient who had received years of steady outpatient care end after a series of hospitalizations in 1998, but the recorded year of death is 1918). A key step was establishing the duration of HIV care. Determining the start of HIV care was straightforward for patients first presenting to the VA for HIV care because their first records were for HIV-related care. Certain others, who had substantial VA care prior to the diagnosis of HIV disease, had up to years of data without any indication of HIV care because the IRC program captures all active information existing on all VA facility computers at the time of registration. For this study, the date of first VA care for HIV was determined from the 1) date of first transmission of patient registration information to the ICR, 2) date of HIV related laboratory test (as determined by sorting, cleaning, and categorizing names of tests performed), or 3) date of first HIV related hospital admission. An additional somewhat obvious criteria, date of first filled prescription for an antiretroviral drug, was not used for this study because we did not wish to allow a key independent variable of interest – drug exposure -- to help define the population at risk.

2.2.6 Variable Derivation

A large number of variables were constructed for this project. Some were taken directly from the merged data (e.g., sex) while others (e.g., cumulative protease inhibitor exposure) were derived in several steps. Table 2.2.6_1 lists key groups of variables and provides general information on derivation. Table 2.2.6_2 contains a description of the individual variables and the values that they take on. Additional detail on exposure and endpoint variables follows the tables, and the Appendix to this report (section 3.1) contains many additional details

Table 2.2.6_1: Variable Groups.

Type of Variables
Data Source
Use Description
Recorded Variable
Derived Variables

Patient Demographic Information
(ICR) VA Immunology Case Registry Patient Demographic data

(MVR) VA Master of Veterans Records National Data Base
Both data sources were used to collect the most accurate data
Race, severity, sex, date of birth, Hispanic.
Risk, ethnicity, facility switching, age



Date of death
NDI- National Death Index

ICR Patient Data

MVR
The NDI was the preferred source of date of death and only source of cause of death. For patients with no NDI death date, the earliest death date from ICR or MVR was used
Date Of Death


Date of First VA Care
(ICR) 12 data sets used

Bed section, Dental, Inpatient, Inpatient procedure, Inpatient surgery, IV pharmacy. Lab Results, Lab Utilization, Microbiology, Unit dosing, Pharmacy, Outpatient and Radiology (excluding patient date of transmission to the ICR)
The earliest activity from these 12 data sets was selected as the date of first VA care (excluding prescription for ARV drug)

Date Of First VA Care

Date of First VA Care for HIV
(ICR) Laboratory Data, Patient  (Date of first Transmission) and Pharmacy data
Earliest date from Laboratory tests for HIV, date of first Transmission to the ICR or date of any non-ARV Prescription

Date of First VA Care for HIV

Preexisting and Predisposing Conditions
ICR Patient, Inpatient (diagnoses procedures, surgery), Outpatient and Pharmacy 
Any pre-origin of study indicators of these preexisting conditions were included

Before or At Initiation of VA Care for HIV: 
- AIDS-Defining Illness

-Cardiovascular Diagnosis or Procedure

-Cerebrovascular   Diagnosis or Procedure

-Any Preexisting Cardiovascular or Cerebrovascular Diagnosis 

-Previous VA Other Vascular Disease

-Diabetes 

-Drug Abuse

-Hyperlipidemia

-Smoking

- Previous VA -Hypertension 

-Any Previous Risk Factors

Cardiovascular or Cerebrovascular and other HIV related outcome variables
ICR Patient, Inpatient (diagnoses procedures, surgery), and Death data
Any post-origin of study indicators of these conditions were included

Cardiovascular or cerebrovascular serious and less serious events, any Inpatient stays, mortality due to cardiovascular or Cerebrovascular underlying causes or any mortality indicators.

Exposure Variables
ICR Pharmacy data
Number of days supplied was calculated for each prescription for all ARV medications. Exposure measuring variables were created at the month (actual and percent exposure) and individual days level.

Cumulative days exposed, current month's exposure, cumulative months exposure, individual and ARV combination exposure, ever exposed indicators

Time In VA Care
(ICR) 13 data sets used:

Bed section, Dental, Inpatient, Inpatient procedure, Inpatient surgery, IV pharmacy, Lab Results, Lab Utilization, Microbiology, Unit dosing, Pharmacy, Outpatient and Radiology (including patient date of transmission to the ICR)
A patient is considered in VA care in the month of a care indicator and the following 6 months, unless deceased (VA care 6 month rule).

In VA Care (6 month rule)
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Months of VA Activity
(ICR) 12 data sets used:     

Bed section, Dental, Inpatient, Inpatient procedure, Inpatient surgery, IV pharmacy, Lab Results, Lab Utilization, Microbiology, Unit dosing, Pharmacy, Outpatient and Radiology (excluding patient date of transmission to the ICR)


A month is counted as active if there is activity in any of the 12 listed data sets before a date of death or after the date of first VA HIV care and between the period of Jan. 1, 1993 and June 30, 2001.

Active month

Table 2.2.6_2: Variable Names and Values

Variable Name
Variable Description

Death date
Actual date of death from National Death Index, Immunology Case Registry, or Master Veteran Record

EVENTSTATUS3
Status of the inpatient or mortality event (origin 01 Jan 93 or 1st HIV date if later)

EVENTSTATUS5
Status of the inpatient or mortality event (origin 01 Jan9 5 or 1st HIV date if later)

EVENTSTATUSf
Status of the inpatient or mortality event (origin 1st VA HIV care date)

activemonth
1 = active, 0 = not active

alivemonths
1 = alive in part or all current month, 0 = not alive in current month

dob
Date of birth

emea_flag
1 = EMEA subset, . =  Not EMEA subset

eth_kwn
1    =  Yes (Hispanic) , 0 = no or missing (use for binary)

eth_miss
0  =  ethnicity not missing, 1  =  missing

eth_prod
1  =  not missing and known Hispanic, else  =  0

facilityswitch
Proportion PT Switched Facilities  (n/nmonths)

final_date
01mmmyy of given month

Hispanic
Y =  yes,  N =  not Hispanic  (or unknown)

hosp_firsthiv
facility id at time of first VA HIV care

lowboundsi
best indicator of severity  (earliest clear HIV stage 1,2,3,4< -  (4+5) )

m_death_date
global death month counter

m_nfirsthiv_dt3
date of first VA HIV care month counter  (origin  01jan93 or 1st HIV date if later)

m_nfirsthiv_dt5
date of first VA HIV care month counter (origin  01jan95 or 1st HIV date if later)

m_nfirsthiv_dtf
date of first VA HIV care month counter (origin 1st VA HIV care date)

m_nfirstva_dt
first VA care month counter

m_nlastact_dt
last active month counter

m_post_hiv3
Number of month (+1)  since orig_93 (origin  01jan93 or 1st HIV date if later)

m_post_hiv5
Number of month (+1)  since orig_95 (origin  01jan95 or 1st HIV date if later)

m_post_hivf
Number of month (+1)  since 1st HIV care (origin 1st VA HIV care date)

month
global continuous month counter

nage_hiv3
Age at date of first VA care for HIV (origin  01jan93 or 1st HIV date if later)

nage_hiv5
Age at date of first VA care for HIV (origin  01jan95 or 1st HIV date if later)

nage_hivf
Age at date of first VA care for HIV (origin 1st VA HIV care date)

nfirsthiv_dt3
date of first VA care for HIV (origin  01jan93 or 1st HIV date if later)

nfirsthiv_dt5
date of first VA care for HIV (origin  01jan95 or 1st HIV date if later)

nfirsthiv_dtf
date of first VA care for HIV (origin 1st VA HIV care date)

nfirstva_dt
date of first VA care

nlastact_dt
date last active month

npr_mth_hiv3
#months in VA care prior to first HIV care  (origin  01jan93 or 1st HIV date if later)

npr_mth_hiv5
#months in VA care prior to first HIV care (origin 01jan95 or 1st HIV date if later)

npr_mth_hivf
#months in VA care prior to first HIV care (origin 1st VA HIV care date)

nsex
0 or  (.) =  male , 1 = female

nyr_first_hiv3
Year of first VA care for HIV  (origin  01jan93 or 1st HIV date if later)

nyr_first_hiv5
Year of first VA care for HIV (origin  01jan95 or 1st HIV date if later)

nyr_first_hivf
Year of first VA care for HIV (origin 1st VA HIV care date)

preaidsill3
1  =  yes 0 =  no, Indicator for AIDS - Defining Illness Before or At Initiation of VA Care for HIV  (origin  01jan93 or 1st HIV date if later)

preaidsill5
1  =  yes 0 =  no, Indicator for AIDS - Defining Illness Before or At Initiation of VA Care for HIV  (origin  01jan95 or 1st HIV date if later)

preaidsillf
1  =  yes 0 =  no, Indicator for AIDS - Defining Illness Before or At Initiation of VA Care for HIV  (origin 1st VA HIV care date)

prevacasls3
1  =  yes 0 =  no, Serious or Less Serious Cardiovascular Diagnosis or Procedure  prior to VA care for HIV (origin  01jan93 or 1st HIV date if later)

prevacasls5
1  =  yes 0 =  no, Serious or Less Serious Cardiovascular Diagnosis or Procedure  prior to VA care for HIV(origin  01jan95 or 1st HIV date if later)

prevacaslsf
1  =  yes 0 =  no, Serious or Less Serious Cardiovascular Diagnosis or Procedure  prior to VA care for HIV (origin 1st VA HIV care date)

prevacesls3
1  =  yes 0 =  no, Serious or Less Serious Cerebrovascular Diagnosis or Procedure  prior to VA care for HIV (origin  01jan93 or 1st HIV date if later)

prevacesls5
1  =  yes 0 =  no, Serious or Less Serious Cerebrovascular Diagnosis or Procedure  prior to VA care for HIV (origin  01jan95 or 1st HIV date if later)

prevaceslsf
1  =  yes 0 =  no, Serious or Less Serious Cerebrovascular Diagnosis or Procedure  prior to VA care for HIV (origin 1st VA HIV care date)

prevadia3
1  =  yes 0 =  no, Pre VA  care for HIV Diabetes  (origin  01jan93 or 1st HIV date if later)

prevadia5
1  =  yes 0 =  no, Pre VA care for HIV Diabetes (origin  01jan95 or 1st HIV date if later)

prevadiaf
1  =  yes 0 =  no, Pre VA care for HIV  Diabetes (origin 1st VA HIV care date)

prevadrug3
1  =  yes 0 =  no, Pre VA care for HIV drug abuse  (origin  01jan93 or 1st HIV date if later)

prevadrug5
1  =  yes 0 =  no, Pre VA care for HIV drug abuse  (origin  01jan95 or 1st HIV date if later)

prevadrugf
1  =  yes 0 =  no,  Pre VA care for HIV drug abuse (origin 1st VA HIV care date)

prevalip3
1  =  yes 0 =  no, Pre VA care for HIV Hyperlipidemia (origin  01jan93 or 1st HIV date if later)

prevalip5
1  =  yes 0 =  no, Pre VA care for HIV Hyperlipidemia (origin  01jan95 or 1st HIV date if later)

prevalipf
1  =  yes 0 =  no, Pre VA care for HIV Hyperlipidemia (origin 1st VA HIV care date)

prevarisfac3
1  =  yes 0 =  no, Pre VA care for HIV Diabetes, Hypertension, Hyperlipidemia, and/or Smoking (origin  01jan93 or 1st HIV date if later)

prevarisfac5
1  =  yes 0 =  no,  Pre VA care for HIV Diabetes, Hypertension, Hyperlipidemia, and/or Smoking (origin  01jan95 or 1st HIV date if later)

prevarisfacf
1  =  yes 0 =  no,  Pre VA care for HIV Diabetes, Hypertension, Hyperlipidemia, and/or Smoking (origin 1st VA HIV care date)

prevasany3
if  (prevavas3 or prevacasls3 or prevacesls3)  = 1 else 0 (origin  01jan93 or 1st HIV date if later)

prevasany5
if  (prevavas5 or prevacasls5 or prevacesls5)  = 1 else 0 (origin  01jan95 or 1st HIV date if later)

prevasanyf
if  (prevavasf or prevacaslsf or prevaceslsf)  = 1 else 0 (origin 1st VA HIV care date)

prevasmo3
1  =  yes 0 =  no, Pre VA care for HIV Smoking (origin  01jan93 or 1st HIV date if later)

prevasmo5
1  =  yes 0 =  no, Pre VA care for HIV Smoking (origin  01jan95 or 1st HIV date if later)

prevasmof
1  =  yes 0 =  no, Pre VA care for HIV Smoking (origin 1st VA HIV care date)

prevaten3
1  =  yes 0 =  no, Pre VA  care for HIV Hypertension (origin  01jan93 or 1st HIV date if later)

prevaten5
1  =  yes 0 =  no, Pre VA care for HIV Hypertension (origin  01jan95 or 1st HIV date if later)

prevatenf
1  =  yes 0 =  no, Pre care for HIV VA Hypertension (origin 1st VA HIV care date)

prevavas3
1  =  yes 0 =  no, Pre VA care for HIV Other Vascular Disease  (not included in dependent variable)  (origin  01jan93 or 1st HIV date if later)

prevavas5
1  =  yes 0 =  no, Pre VA care for HIV Other Vascular Disease  (not included in dependent variable)  (origin  01jan95 or 1st HIV date if later)

prevavasf
1  =  yes 0 =  no, Pr VA care for HIV Other Vascular Disease  (not included in dependent variable)  (origin 1st VA HIV care date)

ptssn
patient SSN  (scrambled)

race
1=white, 2=black, 4=Asian, 5 = am. Indian, 8 = unknown_aust (8 set to missing for EMEA), 9= other, 0=garbage

risk
1 = Intravenous drug use, 2 = man who has sex with men, 3 = heterosexual, 4 = other, 5 = unknown

severity
earliest clear HIV stage 1,2,3,4<--  (4+5)  (4 most severe)

sex
M = male, F =  female , U =  unknown

tperiod30
1  =  yes 0 =  no,  Time period 01jan1993 to 31dec2000

tperiod31
1  =  yes 0 =  no,  Time period 01jan1993 to 31dec2001

tperiod38
1  =  yes 0 =  no,  Time period 01jan1993 to 31dec1998

tperiod39
1  =  yes 0 =  no,  Time period 01jan1993 to 31dec1999

tperiod50
1  =  yes 0 =  no,  Time period 01dec1995 to 31dec2000

tperiod51
1  =  yes 0 =  no,  Time period 01dec1995 to 31dec2001

tperiod58
1  =  yes 0 =  no,  Time period 01dec1995 to 31dec1998

tperiod59
1  =  yes 0 =  no,  Time period 01dec1995 to 31dec1999

vacare0
Under VA Care  -  Active this month (actual active month)

vacare3
Under VA Care  -  3 month censoring rule

vacare6
Under VA Care  -  6 month censoring rule

year
4 digit year

cummo_any50
cumulative months of exposure where any individual ARV drug class (NA, PI, NNRTI) is 50% or more

cummo_na50
cumulative months of exposure where nucleoside analog is 50% or more.

cummo_nn50
cumulative months of exposure where non-nucleoside reverse transcriptase inhibitor use is 50% of days or more.

cummo_pi50
cumulative months of exposure where protease inhibitor is 50% or more.

ever_any50
0 or 1, indicator if there was ever any exposure to any ARV drug class 50% or more of a month.

ever_na50
0 or 1, indicator if there was ever any exposure to a nucleoside analog  50% or more of a month.

ever_nn50
0 or 1, indicator if there was ever any exposure to a non-nucleoside reverse transcriptase inhibitor  50% or more of a month.

ever_pi50
0 or 1, indicator if there was ever any exposure to a protease inhibitor  50% or more of a month.

2.2.6.1 Exposures

We performed extensive manipulations of pharmacy data to derive antiretroviral exposure variables. This was necessary because of complexities and shortcomings in the pharmacy data. The drug names in pharmacy data had to be clearly and uniformly identified by antiretroviral generic name and drug class, which required construction of filters to process alternative and misspelled names and categorize each drug by class. We constructed four binary fixed (time-independent) variables to record whether the patient was ever exposed to each of the three classes of antiretroviral drugs or to any class. We then constructed time-varying covariates to record each patient’s total (cumulative)  months of exposure to each class of antiretroviral or to any class. Construction of these variables required the use of coding rules developed by an infectious diseases pharmacist in cooperation with a data programmer. These rules used dispensing data on drug name, prescription date, drug formulation or strength, quantity supplied (i.e., number of pills or volume), and year of use in determining the number of drug days supplied by each prescription by class of drugs. Because service use data were available only by month, and in order to reduce the total amount of data, daily exposure was converted to monthly exposure before calculating the cumulative exposures. This conversion was accomplished by aggregating days per month and considering any month in which at least two weeks supply of drug was available to be an exposure month. To accommodate a possible non-linear relation between cumulative exposure and event risk, we also constructed a quadratic term (cumulative months of exposure)2  as a candidate covariate. 

2.2.7 Outcomes

We constructed dependent variables to address the following outcomes of interest:

1. Inpatient stay for serious cardiovascular disease 

2. Inpatient stay for serious cerebrovascular disease 

3. Inpatient stay for either serious cardiovascular or serious cerebrovascular disease

4. Inpatient stay for any cardiovascular disease of interest

5. Inpatient stay for any cerebrovascular disease of interest

6. Inpatient stay for any cardiovascular or cerebrovascular disease of interest

7. Inpatient stay for any diagnosis

8. Death due to cardiovascular disease 

9. Death due to cerebrovascular disease 

10. Death due to cardiovascular or cerebrovascular disease 

11. Death from any cause

12. Inpatient stay or death from cardiovascular or cerebrovascular disease

13. Inpatient stay for any cardiovascular or cerebrovascular disease of interest or death from any cause

We considered the following four outcomes of primary interest:

· 6. Inpatient stay for any cardiovascular or cerebrovascular disease of interest – accurate and speaks to the point of the study

· 11. All cause mortality – a measure of overall outcome in the era of newer treatments

· 12. Inpatient stay or death from cardiovascular or cerebrovascular disease – captures both fatal and non-fatal vascular events

· 13. Inpatient stay for any cardiovascular or cerebrovascular disease or death from any cause – essentially a boundary condition in that this outcome weights all cardiovascular or cerebrovascular events the same as death.

In order to associate ICD-9 codes used by the VA and the ICD-9 and (1999 on) ICD-10 codes used by the NDI to the dependent variables listed above, we convened an expert panel of HIV clinical researchers in infectious diseases, neurology, and cardiology as well as a senior coders and a research medical record abstractor. Materials prepared for them and full detail on the results of the panel meeting are included in the Appendix and summarized here.  

The panel agreed to include the following ICD9 codes/conditions in our measure of inpatient stay for serious and less serious cardiovascular disease: 

· 410 Acute myocardial infarction, except cases with a fifth digit of 2 (indicating re-admission for the same episode following discharge to home)

· 411 Other acute and subacute forms of ischemic heart disease 

· 413 Angina pectoris, except 413.1 Prinzmetal angina

· 414 Other forms of chronic ischemic heart disease, except 414.1 aneurysm

· 36.0 (procedure code) Removal of coronary artery obstruction and insertion of stent(s)

The panel agreed to include the following conditions in the measure of inpatient stay for serious and less serious cerebrovascular disease:

· 430    Subarachnoid hemorrhage (in the absence of certain infections and drug dependence)

· 431    Intracerebral hemorrhage (in the absence of certain infections and drug dependence)*

· 433    Occlusion and stenosis of precerebral arteries

· 434    Occlusion of cerebral arteries

· 435    Transient cerebral ischemia (in the absence of certain infection and drug dependence)

· 436    Acute but ill-defined cerebrovascular disease

· 437.0 Cerebral atherosclerosis

· 437.1 Other generalized ischemic cerebrovascular disease

Measures of attributable mortality were designed to mimic those adopted for inpatient stays due to cardiovascular and cerebrovascular disease. However, the NDI does not include the fourth digit of the ICD code for some conditions and never includes a fifth digit. In addition, death certificates do not include procedure codes.

For cardiovascular disease, these differences meant that we were unable to differentiate Prinzmetal angina from other angina or identify stent placement. However, these deficiencies do not present a serious problem because these conditions should not be listed as causes of death. Indeed, there were no deaths with a diagnosis of angina pectoris for 1993 through 1998. The panel concurred with our decision to include the following codes as measures of mortality due to cardiovascular disease: Acute myocardial infarction (410), Other acute and subacute forms of ischemic heart disease (411), Angina pectoris (413), and Other forms of chronic ischemic heart disease (414, except 414.1 aneurysm).

For cerebrovascular disease, limitations of NDI coding required excluding all cases with the relevant cerebrovascular diagnoses of subarachnoid hemorrhage (430), intracerebral hemorrhage (431) or transient cerebral ischemia (435, should it be listed as a cause of death) if the patient also has a diagnosis of toxoplasmosis (130) rather than the more precise meningoencephalitis due to toxoplasmosis (130.0).

For the year 1999, NDI codes were switched from ICD-9 to ICD-10. For this year, we generated one to one conversion tables for the conditions of interest with the assistance of our consulting expert coder.

2.2.8 Accommodating missing data

Our data sources do not contain full information on all items. To deal with these situations we used Multiple Imputation (MI) as implemented in SAS proc MI to deal with missing values for four variables: race (missing in 7.3 percent), risk (missing in 12.6 percent), severity  (missing in  0.5 percent), and age at first VA care for HIV  (missing in <0.1 percent).

The MI approach builds a regression relation among missing and observed data, then uses the associated predictive distribution to impute missing values and generate “m”  pseudo-complete data sets (m =5 for our analyses). It is important to impute multiple data sets to be able to produce standard errors, confidence intervals and tests that reflect the degree of missing information, as captured in the difference in the imputed values across the imputed (pseudo-complete) datasets. To analyze the five pseudo-complete datasets in a way that combines the results properly, we used the SAS proc PHREG on each and combined the results using the SAS proc MIANALYZE.

2.2.9 Time scales, follow-up, and censoring

For our main analyses, we set the start of the reference period to be January 1993, and the time origin for a patient to be the later of the start of the reference period (January 1993) or the patient’s date of first VA care for HIV. We chose January 1993 (as opposed to earlier or later dates) for several reasons: we wished to provide historical perspective to the examination of trends observed during the HAART era, we wished to include a period in which selection to HAART therapy could not contaminate the control group for model-based analyses, and the ICR was quite incomplete prior to that time.

For the event-time analysis, several different time scales were available: calendar time, patient age, and study time (time t = 0 the beginning of follow-up for the patient) as well as pseudo-time scales, such as cumulative exposure to antiretroviral drugs. All four of these could be incorporated in the analysis, with one providing the "clock" for the baseline hazard function and the others being used as covariates. Subject matter understanding and empirical assessment of fit to the data determine which time scale is used to index the hazard function. Based on these considerations, we have used study time as the hazard function index.

In selecting a censoring point for patients without a reported event of interest, we faced the familiar choice between “no news is no news” and “no news is good news.” The former indicates censoring at the last known clinical visit or actual assessment; the latter censors at the current analysis time, under the assumption that the event hasn’t occurred. For all-cause mortality, we have used the “no news is good news” approach with no censoring prior to death except at end of reference period (June 2001). The justification of this choice is simple: two of our three sources of death data do not depend on a patient having any continuing direct or indirect contract with the VA in life. We used a modified “no news is no news” rule for non-fatal outcomes including inpatient stay, as well as for compound alternative outcomes (e.g., inpatient stay or mortality due to cardiovascular or cerebrovascular disease). Under this rule, a patient is considered censored at the end of the study, the time of death, or at six months after the last month of VA care. We did not censor observation at the time of the last visit because a serious vascular event between or just after a visit would define both the occurrence of an endpoint and the time under observation. We chose a six-month period because, in an examination of gaps in VA service provision, less than five percent of patients not seen for a six-month period received services thereafter.

We also faced choices with respect to censoring points that are independent of loss to follow-up; that is, choice that would be faced even with complete follow-up. For example, one could expand a clinical endpoint (e.g., myocardial infarction) to include “events of equal or greater severity” (e.g., death) or have these latter events serve as censoring points. Our approach is to incorporate versions of both options into the range of outcomes examined. For example, in examining time to “inpatient stay for any cardiovascular or cerebrovascular disease of interest,” all deaths will be censoring events. In contrast, in examining time to “inpatient stay for any cardiovascular or cerebrovascular disease of interest or death from any cause,” all deaths will endpoint events.

2.3 Analytic Methods

2.3.1 Descriptive

We generated tables of demographic and other characteristics of the overall study population as well as salient subsets. The main tables are included under “results” below, and full detail is given in the appendix.

We conducted extensive preliminary data examination, including estimating correlations among variables for predisposing conditions and pre-HIV conditions to reduce the number used as covariates. Other examinations included generating frequencies, cross-tabulations, and histograms examining the extent of multiple entry into/exits out of VA care and dropouts. We generated frequencies of imputed values across original and imputed data sets, univariate descriptive summaries for all covariates and outcome events, cross-tabulations between each outcome event and various sets of covariates, and distribution of time-to-event outcomes. These results were used to corroborate the validity of the a priori approaches taken to analyses, and to suggest new approaches. Results of these explorations will generally only be available in the appendix.

We conducted an initial count by year of outcome events and calculated incidence densities for each outcome category for each year of the reference period as events per 100 years of patient observation. Similarly, we calculated total pharmaceutical use as a density in the form of years dispensed per 100 years of patient observation 

2.3.2 Event time models

Prior to initiating modeling exercises, we put all datasets into counting process format in order to accommodate staggered entry and exit. We adapted the Therneau/Grambsch Mayo Clinic macros (e.g., survtd, schoen) to accommodate these datasets, and handled tied survival times by Efron’s method. We generated Kaplan-Meier (K-M) curves for all models. We checked the proportional hazards assumption for the various sets if covariates (standard set of time-independent covariates plus exposure variables) by examining log[-(log(S(t)))] curve for a given outcome event stratified by values of the covariate.

We conducted the event-time modeling using the calendar time interval of 1 January 93 through 30 June 01 for three of the four main outcomes (inpatient stay for any cardiovascular or cerebrovascular disease, all cause mortality, inpatient stay for any cardiovascular or cerebrovascular disease or death from any cause). Modeling for the fourth outcome (inpatient stay or death from cardiovascular or cerebrovascular disease) had to be truncated at 31 December 1999 due to the unavailability of cause of death data beyond that date (see above). For comparison purposes, we conducted event-time modeling for the first three outcomes for the period 1 January 93 through 31 December 1999, and include results in the appendix.

These procedures resulted in our estimating several sets of models. First, we ran seven models (i.e., one for each time-period/outcome pair) including a standard group of constant covariates, but no exposure variables. We next divided each of the seven time-period/outcome pairs into sets using “ever exposed” and sets using “cumulative number of months exposed” as independent variables, with the latter including a quadratic term. For each of the resulting fourteen time-period/outcome/exposure-measure groups, we estimated five individual models: one including exposure to any antiretroviral; one each including only exposure to protease inhibitors (PI), non-nucleoside reverse transcriptase inhibitors (NN), nucleoside analogues (NA) as individual classes;  and one including exposure to all three classes simultaneously. In this way, the basic modeling exercise results in 77 models being estimated (7 without exposure plus [7 * 2 * 5]).  

We extended the modeling to include re-estimating all 77 models in an initial attempt to separate the effect of the decision to treat (“selection”) from the effect of treatment itself by including five additional time-varying categorical variables. These variables are intended to absorb some of the selection but little of the treatment effect from the linear and quadratic cumulative exposure terms. Two variables indicate whether the month being evaluated occurred after protease inhibitors or non-nucleoside reverse transcriptase inhibitors were regularly used in the VA (December 1995 and August 1996, respectively). These two variables could be interpreted as controlling for whether these therapies could have been prescribed. The three remaining variables each indicate whether the month being evaluated was after the first month of treatment with one of the three classes of antiretroviral drugs. These can be interpreted as controlling for the effect of the first month of treatment, which can be largely ascribed to selection.

For the models incorporating time-dependent exposure variables, we report the hazard ratio for 12 months of exposure relative to 0 months of exposure (log hazard ratio = 12ßlinear + 144ßquadratic). This yields a comparison that is easy to understand and one that relates to how the drugs are used (12 month exposure is between the median duration of exposure for all three drug classes and the means for nucleoside analogs and protease inhibitors). 
2.4 Results

2.4.1 Demographics and Counts

TABLE 2.4.1_1: Selected characteristics of 36, 766 Patients Active in the Time Period 01 Jan 1993 to 30 Jun 2001, including Values Obtained after Multiple Imputation.


Value
0riginal
Percent
Average of

Multiple

Imputation
Percent

Age at date of first VA care  for HIV

Origin 01jan1993 or 1st VA care for HIV date if later
35-55
26226
71.33
26229
71.34


<35
6485
17.64
6485
17.64


>55
4051
11.02
4052
11.02


Missing
4
0.01
0
0.00

Race
American Indian
107
0.29
107
0.29


Asian
105
0.29
105
0.29


Black
17815
48.46
19280
52.44


Other
991
2.70
1011
2.75


White
15064
40.97
16263
44.23


missing
2684
7.30
0
0.00

Risk factor
IV
10343
28.13
11228
30.54


MSM
9004
24.49
9916
26.97


Hetero
4271
11.62
4913
13.36


Other
859
2.34
875
2.38


Unknown
7657
20.83
9835
26.75


Missing
4632
12.60
0
0.00

Initial Severity
CD4 > 500  asymptomatic
13486
36.68
13506
36.73


CD4 200-500  asymptomatic
8240
22.41
8254
22.45


AIDS related complex (ARC), symptomatic
3225
8.77
3230
8.78


AIDS <200 asymptomatic and symptomatic, or AIDS opportunistic condition
11634
31.64
11777
32.03


Missing
181
0.49
0
0.00

DEMOGRAPHIC TABLE 2.4.1_2: Additional characteristics, without multiple imputations.


Total Number of Patients 36766


Value
Frequency
Percent

Sex
Male
36077
98.13


Female
689
1.87

Hispanic

(N.B. listing for no values  included 805 missing values. Derived variables to accommodate missingness were used in  modeling)
No
33393
90.83


Yes
3373
9.17

Using origin 01jan1993 or 1st VA care for HIV date if later and inpatient diagnosis, procedure codes,

pharmacy (anti_diabetics, anti_lipemics, cardiac meds, diuretics),

Outpatient smoking cessation.

Aids illness prior to 1st HIV date for VA care
No
26223
71.32


Yes
10543
28.68

Cardiovascular disease prior to 1st HIV date for VA care
No
36373
98.93


Yes
393
1.07

Cerebrovascular disease prior to 1st HIV date for VA care
No
36498
99.27


Yes
268
0.73

Diabetes prior to 1st HIV date for VA care
No
35199
95.74


Yes
1567
4.26

IV drug abuse prior to 1st HIV date for VA care
No
25578
69.57


Yes
11188
30.43

Hyperlipidemia prior to 1st HIV date for VA care
No
36172
98.38


Yes
594
1.62

Risk factor prior to 1st HIV date for VA care
No
27964
76.06


Yes
8802
23.94

Smoking prior to 1st HIV date for VA care
No
34807
94.67


Yes
1959
5.33

Hypertension prior to 1st HIV date for VA care
No
30364
82.59


Yes
6402
17.41

Other Vascular disease prior to 1st HIV date for VA care
No
34724
94.45


Yes
2042
5.55

Any vascular disease prior to 1st HIV date for VA care
No
34338
93.40


Yes
2428
6.60

DEMOGRAPHIC TABLE 2.4.1_3:  Exposure and Observation.

Per patient, as of last month of observation period*
Value
Frequency
Percent

Exposed to a antiretroviral medication 50 percent or

more of the days in a month for at least one month

during the study reference period.




Ever exposed to Nucleoside Analogues(NA)
No
11028
30


Yes
25738
70

Mean months of Nucleoside Analogues among the exposed
17.4 months



Ever exposed to Protease Inhibitors(PI)
No
21470
58.4


Yes
15296
41.6

Mean months of Protease Inhibitors among the exposed
14.0 months



Ever exposed to Non-nucleoside

Reverse Transcriptase Inhibitors (NNRTI)
No
27346
74.38


Yes
9420
25.62

Mean months of Non-nucleoside

Reverse Transcriptase Inhibitors among the exposed
8.6 months



Ever exposed to any Antiretroviral Agents(Any NA, PI, NNRTI)
No
10945
29.77


Yes
25821
70.23

Mean months of Non-nucleoside

Reverse Transcriptase Inhibitors among the exposed
15 months



Total Patient Months under observation per year
1993
151605



1994
165554



1995
164483



1996
160839



1997
167914



1998
176217



1999
185858



2000
191864



2001 (1st 6 mo)
98893


Total patients months in the study

1,463,227


Total months of being ever exposed to an antiretroviral medication( 50percent or more of the days in a month) during the study reference period.
Total number of

Active Months 1,463,227



Frequency
Percent

Ever exposed to Nucleoside Analogues(NA)
No
453979
31.03


Yes
1009248
68.97

Ever exposed to Protease Inhibitors(PI)
No
936045
63.97


Yes
527182
36.03

Ever exposed to Non-nucleoside Reverse Transcriptase Inhibitors (NNRTI)
No
1253937
85.7


Yes
209290
14.3

Ever exposed to any Antiretroviral Agents(Any NA, PI, NNRTI)
No
452235
30.91


Yes
1010992
69.09

*These statistics are based on a “6-month rule.” This considers the 6 months following an inpatient or outpatient VA activity to be counted as time under observation, unless death occurs.

DEMOGRAPHIC TABLE 2.4.1_4: Outcome Events.


Value
Number 

of Events

01jan1993-

30jun2001
*First Event

01jan1993-

30jun2001

Inpatient stay due to cardiovascular (serious event)
Yes
567
410

Inpatient stay due to cardio vascular (serious or less serious event)
Yes
1207
711

Inpatient  stay due to cerebrovascular (serious event)
Yes
325
280

Inpatient stay due to cerebrovascular 

(serious or less serious)
Yes
572
475

Inpatient stay due to cardiovascular or cerebrovascular 

(serious event)
Yes
892
671

Inpatient stay due to cardio or cerebrovascular

(serious or less serious)
Yes
1764
1136

Inpatient stay due to any event
Yes
109710
25395

Mortality due to  cardio vascular event
Yes
354
354

Mortality due to cerebra vascular event
Yes
218
218

Mortality due to cardio or cerebrovascular event
Yes
559
559

Mortality  due to any cause
Yes
15074
15074

Inpatient stay or mortality due to cardiovascular or cerebrovascular event 
Yes
2285
1587

Inpatient stay due to cardio or cerebrovascular event

or  mortality  due to any cause
Yes
16731
15613

Inpatient stay due to any event or  mortality due to any cause
Yes
119468
27507

* First occurrence for patient over observation period.
2.4.2 Event Rates

Table 2.4.2_1 gives the counts of patients, observation, and outcomes. The number of unique patients with health care activity was quite stable at an average of about 15,600 per year providing about 14,000 patient-years of observation each year (note that only the first 6 months of 2001 are represented), under the assumption that persons were in care for up to six months after a last visit. Totals were 36,766 patients and 121,936 patient-years, respectively. The middle four columns give counts for all events in each of the four outcome categories. These included 2,006 admissions or deaths attributed to cardiovascular or cerebrovascular disease through June of 2001, and an addition 279 admissions through June 2001. The rightmost four columns give the counts of first episodes, and indicate the number of patients with one or more events. These columns indicate that multiple events were common. For example, having 1,764 admissions in 1,136 patients means that the typical patient with cardiovascular or cerebrovascular disease requiring hospitalization had about 1.6 admissions. Overall, the event counts for “Inpatient stay or death from cardiovascular or cerebrovascular disease of interest” and  “Inpatient stay for any cardiovascular or cerebrovascular disease of interest” were stable or decreasing while counts for “All cause mortality” or “Inpatient stay for any cardiovascular or cerebrovascular disease or death from any cause” declined sharply.

Table 2.4.2_2 is structured similarly to Table 2.4.2_1, except that it gives the incidence densities for all and first outcome events in the four primary outcome categories for each and all study years. The rate for inpatient stay for cardiovascular or cerebrovascular disease decreased from a high in 1995 of 1.71 events per 100 patient-years of follow-up to 1.31 in 1997 and then to 0.92 in 2001. The latter rate may be an underestimate, due to lags in reporting, for example, so that the 1.27 rate in 2000 (reflecting a 25.8% decrease from 1995) may be more reflective of the present levels. In any case, it is clear that this rate has certainly not increased since protease inhibitors and non-nucleoside reverse transcriptase inhibitors were added to the VA formulary. The same is true of the rate for our best measure of the overall incidence of serious cardiovascular or cerebrovascular disease, the combined endpoint of inpatient stay or mortality from cardiovascular or cerebrovascular disease of interest, which fell from a high of 2.82 in 1994 to 1.77 in 1999, a 37.2% drop.

Incidence density for all-cause mortality went from a high of 21.32 events per 100 patient-years of follow-up in 1995 to a rate of 9.33 in only two years, a decrease of 56.3%, and thereafter decreased further to a rate of 4.98 for the first half of 2001. This reflects an overall decrease of 76.6%. Confining the comparison to those years for which NDI mortality information was available did not change the trend. Similarly, incidence density of inpatient stay for any cardiovascular or cerebrovascular event or death from any cause, an endpoint that counts stroke or heart attack as equivalent to death,  went from a high of 22.89 events per 100 yrs. of patient follow-up in 1995 to a rate of 10.58 in the two-year period, a decrease of 53.8%. It further dropped to 5.86 in the first half of 2001, for an overall decrease of  74.4%.

Rates for first events were lower at baseline but changes were over time were similar to those for all events. 

Table 2.4.2_3 reports antiretroviral therapy use for each year and the total study period. Overall, patients received therapy during 641,820 calendar months of follow-up. This use included a total 1,045,190 months of drug supplied, divided into 609,533 months of nucleoside analog use, 323,489 months of , protease inhibitor use, and 112,168 months of non-nucleoside reverse transcriptase inhibitor use. The left four columns present the use information as rates equal to the number years of treatment per 100 patient-years of observation. The nucleoside analog usage rate increased from 23.1 to 56.0 per 100 between 1993 in 2001, with the sharpest increases in 1996 and 1997. Protease inhibitor usage rose from a rate of 9.7 years of use per 100 patient-years in 1996 to 35.9 in the first half of 2001, but peaked in 1998. Non-nucleoside reverse transcriptase inhibitor use rose steadily from a rate of less than 0.1 year per 100 patient-years in 1996 to 22.9 in 2001. The exposure rate for any antiretroviral has increased from 23.1 per 100 patient-years in 1993, when it consisted entirely of NA exposure, to 60.1 in 2001. The difference between this value and the sum of the usage by class implies that, as expected, a large percentage of those exposed to antiretroviral drugs are exposed to more than one class simultaneously. Further examination confirmed this. For example, over 90 percent of the patient-months of exposure to protease inhibitors were also months of exposure to nucleoside analogs.

Selected rates from Tables 2.4.2_2 and 2.4.2_3 are graphically represented in Figures 2.4.2_1-4. Figures 2.4.2_1 and 2.4.2_2 show clearly the substantial decrease of the two all-cause mortality outcomes in the study period while the outcomes related specifically to cardiovascular and cerebrovascular disease are low and appear to decrease throughout the study period. Figure 2.4.2_3 shows the dramatic growth in the use of antiretroviral therapy in the latter half of the 1990’s, and that nucleoside analog use leveled out in 1997, protease inhibitor use peaked in 1998, and non-nucleoside reverse transcriptase inhibitor has grown steadily. Figure 2.4.2_4 superimposes two key outcomes (on a 0–30 event per patient-year scale) and two measures of antiretroviral use (on a 0–60 event per patient-year scale).

TABLE 2.4.2_1: Patients, Follow-up, and Outcome Events




All Events
First Events (Patients)


Number of patients at risk in the year
Patient-years of follow-up for the year
Inpatient stay or death from cardio- or cerebro-vascular disease of interest*
Inpatient stay for any cardio-or cerebro-vascular disease of interest
Inpatient stay for any cardio- or cerebro-vascular disease or death from any cause
All cause mortality
Inpatient stay or death from cardio- or cerebro-vascular disease of interest*
Inpatient stay for any cardio-or cerebro-vascular disease of interest
Inpatient stay for any cardio- or cerebro-vascular disease or death from any cause
All cause mortality

1993
16,763
12,634
246
207
2,457
2,273
203
171
2,396
2,273

1994
18,055
13,796
389
225
3,071
2,860
313
158
2,933
2,860

1995
17,717
13,707
298
234
3,138
2,922
205
150
2,978
2,922

1996
16,976
13,403
283
225
2,432
2,221
187
145
2,286
2,221

1997
16,779
13,993
247
184
1,481
1,305
154
98
1,341
1,305

1998
17,357
14,685
269
212
1,308
1,104
170
125
1,166
1,104

1999
18,183
15,488
274
198
1,250
1,064
185
119
1,113
1,064

2000
18,610
15,989

203
1111
9,15

126
977
915

2001**
17,891
8,241

76
483
410

44
423
410

ALL
36,766
121,936
2,006
1,764
16,731
15,074
1,417
1,136
15,613
15,074

* Cause of death data not available after 1999. ** Through June 2001 only.

TABLE 2.4.2_2: Outcome Events per 100 Patient-Years Follow-up*




All Events
First Events (Patients)


Number of patients at risk in the year
Patient-years of follow-up for the year
Inpatient stay or death from cardio- or cerebro-vascular disease of interest*
Inpatient stay for any cardio-or cerebro-vascular disease of interest
Inpatient stay for any cardio- or cerebro-vascular disease or death from any cause
All cause mortality
Inpatient stay or death from cardio- or cerebro-vascular disease of interest*
Inpatient stay for any cardio-or cerebro-vascular disease of interest
Inpatient stay for any cardio- or cerebro-vascular disease or death from any cause
All cause mortality

1993
16,763
12,634
1.95
1.64
19.45
17.99
1.61
1.35
18.97
17.99

1994
18,055
13,796
2.82
1.63
22.26
20.73
2.27
1.15
21.26
20.73

1995
17,717
13,707
2.17
1.71
22.89
21.32
1.50
1.09
21.73
21.32

1996
16,976
13,403
2.11
1.68
18.14
16.57
1.40
1.08
17.06
16.57

1997
16,779
13,993
1.77
1.31
10.58
9.33
1.10
0.70
9.58
9.33

1998
17,357
14,685
1.83
1.44
8.91
7.52
1.16
0.85
7.94
7.52

1999
18,183
15,488
1.77
1.28
8.07
6.87
1.19
0.77
7.19
6.87

2000
18,610
15,989

1.27
6.95
5.72

0.79
6.11
5.72

2001**
17,891
8,241

0.92
5.86
4.98

0.53
5.13
4.98

ALL
36,766
121,936
2.05
1.45*
13.72*
12.36*
1.45
0.93
12.80
12.36

*The counts and rates presented in this report represent the experience all patients known to be treated by the Veterans Health Administration during the study period. Therefore, these data represent a census of a population rather than a sample intended to be generalized to a population in the statistical sense. For this reason, we do not present confidence intervals for counts and rates. However, was this a sample, confidence intervals would be small. For example,  the widths of the exact Poisson 95 percent confidence intervals for annual rates of admission or death from cardiovascular or cerebrovascular disease would range from 0.20 to 0.25 events per 100 patient-years and corresponding value for all years would be 0.08 events per 100 patient-years. 

TABLE 2.4.2_3: Exposure to Antiretroviral Drugs


Months Dispensed
Years dispensed/100 Patient-years of Follow-up


Nucleoside analog
Protease Inhibitor
Non-nucleoside RT inhibitor
Any antiretroviral
Nucleoside analog
Protease Inhibitor
Non-nucleoside RT inhibitor
Any antiretroviral

1993
35,081
0
0
35,081
23.1


23.1

1994
32,681
4
0
32,682
19.7
0

19.7

1995
37,944
45
2
37,973
23.1
0
0
23.1

1996
62,206
15,575
75
64,269
38.7
9.7
0
40.0

1997
90,153
55,436
4,922
94,138
53.7
33.0
2.9
56.1

1998
93,665
72,720
15,321
100,691
53.2
41.3
8.7
57.1

1999
100,506
74,530
30,623
107,685
54.1
40.1
16.5
57.9

2000
101,892
69,699
38,542
109,818
53.1
36.3
20.1
57.2

2001
55,405
35,480
22,683
59,483
56.0
35.9
22.9
60.1

All
609,533
323,489
112,168
641,820
41.7
22.1
7.7
43.9

[image: image6.wmf]Figure 2.4.2_3: Exposure to Antiretrovirals
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[image: image7.wmf]Figure 2.4.2_4: Summary of Event & Exposure Rates

0

10

20

30

40

50

60

1993

1994

1995

1996

1997

1998

1999

2000

2001

Years Exposure/100 Pt-Yrs

0

5

10

15

20

25

30

Events/100 Pt-Yrs

Any

antiretroviral

Protease

Inhibitor

Cardio/

cerebro-

vascular

admission or

death

Cardio/

cerebro-

vascular

admission



[image: image8.wmf]Number of Patients

with any Activity

During Time Period

1993-2001

(36,766 )

Number of Patients

with any Activity

During Time Period

1993-1999

(33,751)

EMEA Patient  Population

(36,766)

EMEA NDI 1993-2001

Deaths

(12,953)

Non-NDI EMEA 1993-2001

Death Dates

(2,154)

Total deaths during 1993-2001

(15,107)

 Complete  ICR Patient List

(50,069)

ICR Patients with no VA care during the Jan. 1,

1993 thru June 30, 2001 study reference period.

(13,303)

Figure 2.2.4_1: VA PATIENT POPULATION AND COUNTS



[image: image9.wmf]Number of Patients

with any Activity

During Time Period

1993-2001

(36,766 )

Number of Patients

with any Activity

During Time Period

1993-1999

(33,751)

EMEA Patient  Population

(36,766)

EMEA NDI 1993-2001

Deaths

(12,953)

Non-NDI EMEA 1993-2001

Death Dates

(2,154)

Total deaths during 1993-2001

(15,107)

 Complete  ICR Patient List

(50,069)

ICR Patients with no VA care during the Jan. 1,

1993 thru June 30, 2001 study reference period.

(13,303)

Figure 2.2.4_1: VA PATIENT POPULATION AND COUNTS



2.4.3 Modeling

Table 2.4.3_1 and 2 report results from our proportional hazards modeling for the four key outcomes. The first of these presents the hazard ratios for ever having had any antiretroviral, but is primarily intended to show the effect of covariates. The hazard ratios for year of first VA HIV care and age at first VA HIV care are, as expected, significantly less than and greater than 1, respectively, indicating lower risk for newcomers and higher risk for older patients. Females had significantly lower hazard ratios than males for the three outcomes involving mortality. Ethnicity and race effects are weak and surprising, with only 7 of 20 comparisons being significant, and all but one of these not favoring whites. Effects of risk were similarly weak and surprising in that intravenous drug users had lower hazards for mortality outcomes than did men who have sex with men. Having AIDS at or before presentation, and risk factors for or pre-existing vascular disease increase the hazard for unfavorable outcomes. Inspection of model results using several alternative specifications for exposure showed little variation in the hazard ratio estimates for the non-exposure covariates. Therefore, the estimates for these covariates are not discussed further in the main text of the report.

Table 2.4.3_2 reports the results of a set of models for each outcome, with each containing the same covariates given above (not shown) and varying specifications for cumulative antiretroviral exposure. The hazard ratio presented is an estimate of the composite (overall) effect of both the linear and quadratic exposure terms at 12 months of exposure; that is, each number represents the ratio of the hazard with 12 months of exposure to the hazard with 0 months exposure.
  The table also lists the 95% confidence interval for the composite 12-month hazard ratio and the P value for a Wald test of whether the vector of parameter estimates for the linear and quadratic terms is significantly different from the zero vector.

The simplest models presented in table 2.4.3_2 show the results of 12 months exposure to any or each of the three classes of drugs, without controlling for exposure to the other classes. In these models, 12 months exposure to any drug or to nucleoside analogs appears to lower the relative hazard of all three mortality related outcomes, including admission or death due to cerebrovascular or cardiovascular disease. Only exposure to non-nucleoside reverse transcriptase inhibitors appears to raise the risk of admission due to cerebrovascular or cardiovascular disease.  

A different picture is seen in the models simultaneously estimating the effect of exposure to each class of drug, holding the effect of exposure to the other classes constant. In these models, 12 months exposure to protease inhibitors or to non-nucleoside reverse transcriptase inhibitors lowers the hazard for all four outcomes, including those incorporating vascular disease. In contrast, 12 months exposure to nucleoside analogs is associated with a lower hazard only for “cardiovascular or cerebrovascular disease or death due to any diagnosis.” The same exposure is associated with an increased risk of death due to any diagnosis in these models.

The last set of models include an initial attempt to separate the effect of the decision to treat (“selection”) from the effect of treatment by including five additional time-varying categorical variables. These variables improve bias by absorbing some selection effects from the linear and quadratic cumulative exposure terms, but at some cost to efficiency. With partial correction for selection and holding the effect of the other classes of drug constant, the effect of 12 compared to 0 months of exposure to any of the three classes of drug is to significantly reduce the hazard for all cause mortality or all cause mortality or cardiovascular/cerebrovascular admission by 50 percent. This suggests that the partial correction is successful to some extent. These same analyses show point estimates consistent with a 20 to 30 percent reduction in the risk of admission or death due to cardiovascular/cerebrovascular disease, but these are only significant for nucleoside analogs.

TABLE 2.4.3_1: Hazard Ratios for Ever Receiving Antiretrovirals and Selected Covariates. 
Results of Multiple Cox Regressions. 


Inpatient Stay or Mortality Due to Cardio- or Cerebro-vascular Disease
Inpatient Stay Due to 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 1/1999
1/1993 to 6/2001
1/1993 to 6/2002
1/1993 to 6/2003


Year of 1st VA HIV care
0.92 (0.88, 0.96)
0.94 (0.91, 0.98)
0.81 (0.80, 0.82)
0.83 (0.82, 0.84)


Ever Any Antiretroviral
0.88 (0.78, 0.99)
0.93 (0.84, 1.03)
0.95 (0.92, 0.99)
0.78 (0.76, 0.81)


Age at first VA care for HIV
1.05 (1.05, 1.06)
1.05 (1.05, 1.06)
1.02 (1.02, 1.03)
1.03 (1.03, 1.03)

Sex
Female
0.53 (0.28, 1.00)
0.57 (0.30, 1.10)
0.82 (0.70, 0.95)
0.73 (0.61, 0.86)

Ethnicity
Known Hispanic
0.85 (0.69, 1.05)
0.83 (0.66, 1.05)
1.02 (0.96, 1.08)
1.03 (0.97, 1.10)

Race
American Indian
2.12 (1.00, 4.49)
1.08 (0.35, 3.33)
0.95 (0.67, 1.36)
0.97 (0.71, 1.32)


Asian
0.67 (0.21, 2.14)
1.07 (0.36, 3.19)
0.92 (0.64, 1.32)
0.81 (0.54, 1.23)


African-American
0.88 (0.76, 1.01)
0.89 (0.78, 1.03)
0.90 (0.87, 0.94)
0.90 (0.86, 0.94)


Other
0.31 (0.14, 0.72)
0.30 (0.14, 0.67)
0.38 (0.30, 0.46)
0.32 (0.25, 0.40)

Risk
Men who have Sex with Men






IV Drug Users
1.05 (0.88, 1.26)
0.95 (0.78, 1.16)
0.90 (0.86, 0.95)
0.91 (0.87, 0.96)


Heterosexual
0.97 (0.79, 1.19)
0.91 (0.73, 1.14)
0.92 (0.86, 0.98)
0.93 (0.88, 0.99)


Other
1.32 (0.99, 1.78)
1.22 (0.87, 1.71)
1.09 (0.98, 1.21)
1.16 (1.05, 1.28)


Unknown
0.95 (0.80, 1.14)
0.85 (0.70, 1.03)
0.68 (0.64, 0.72)
0.77 (0.73, 0.82)

Severity of illness
group 1
0.66 (0.56, 0.77)
0.78 (0.65, 0.92)
0.38 (0.36, 0.39)
0.37 (0.35, 0.39)


group 2
0.74 (0.63, 0.87)
0.83 (0.69, 1.00)
0.47 (0.45, 0.49)
0.47 (0.44, 0.49)


group 3
0.88 (0.72, 1.08)
1.13 (0.91, 1.41)
0.74 (0.70, 0.78)
0.74 (0.70, 0.78)

.
AIDS @ Presentation
1.28 (1.12, 1.46)
1.20 (1.03, 1.39)
2.05 (1.97, 2.13)
2.05 (1.97, 2.13)


Vascular Disease Risk*
2.09 (1.85, 2.37)
2.28 (1.99, 2.61)
1.14 (1.09, 1.19)
1.11 (1.06, 1.15)


Preexisting Vascular Disease
3.26 (2.82, 3.78)
3.45 (2.93, 4.05)
1.42 (1.33, 1.51)
1.57 (1.48, 1.68)

*Prior known diabetes, hypertension, hyperlipidemia, and/or smoking.

Table 2.4.3_2: Hazard Ratios for the Effect of 12 Compared to 0 Months Exposure to Antiretroviral Drugs, Controlling for Covariates Listed in 2.4.3_1 Above.*


Inpatient Stay or Mortality for Cardio- or Cerebro- Vascular Disease
Inpatient Stay 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 1/1999
1/1993 to 6/2001
1/1993 to 6/2002
1/1993 to 6/2003

Individually
Any Antiretroviral
0.88 (0.78, 0.99)
0.93 (0.84, 1.03)
0.95 (0.92, 0.99)
0.78 (0.76, 0.81)


Nucleoside Analog
0.86 (0.76, 0.96)
0.91 (0.82, 1.02)
0.93 (0.90, 0.96)
0.76 (0.74, 0.79)


Non-nucleoside Reverse Transcriptase Inhibitor
0.83 (0.60, 1.14)
1.34 (1.04, 1.74)
1.04 (0.95, 1.15)
0.97 (0.88, 1.06)


Protease Inhibitor
1.20 (0.99, 1.46)
1.17 (0.99, 1.38)
1.00 (0.94, 1.07)
0.84 (0.79, 0.89)

Simultaneously
Nucleoside Analog
1.02 (0.90, 1.16)
1.06 (0.93, 1.20)
1.21 (1.16, 1.25)
0.95 (0.92, 0.98)


Non-nucleoside Reverse Transcriptase Inhibitor
0.38 (0.26, 0.56)
0.59 (0.46, 0.77)
0.39 (0.35, 0.43)
0.46 (0.42, 0.51)


Protease Inhibitor
0.74 (0.60, 0.91)
0.83 (0.69, 0.99)
0.56 (0.53, 0.60)
0.60 (0.56, 0.63)

Simultaneously with partial correction for selection
Nucleoside Analog
0.71 (.61, 0.81)
0.69 (0.60, 0.79)
0.65 (0.62, 0.68)
0.65 (0.62, 0.68)


Non-nucleoside Reverse Transcriptase Inhibitor
0.76 (0.37, 1.53)
0.75 (0.47, 1.17)
0.53 (0.44, 0.63)
0.50 (0.42, 0.59)


Protease Inhibitor
0.74 (0.54, 1.03)
0.80 (0.63, 1.03)
0.50 (0.64, 0.77)
0.61 (0.56, 0.67)

*Yellow cells = 95%CI excludes 1 and/or P<.0001 by Wald test; peach cells = 95%CI excludes 1 and/or P<.05 by Wald test. grey = wald test pending
2.5 Discussion

2.5.1 Interpretation and Conclusion

This report describes a careful attempt to describe the experience of a large retrospective cohort. This cohort consists of over 35,000 patients followed in stable and a nearly closed system for nearly 1.5 million patient-months of observation. The patients in the cohort received over 600,000 patient-months of nucleoside analogs, 300,000 patient-months of protease inhibitors, and 100,000 patient-months of non-nucleoside reverse transcriptase inhibitors, and experienced over 2,000 cardiovascular and cerebrovascular events. After analysis of this experience, we can state with great confidence that, as shown simply in the rate tables and elegantly in the summary graphs, a large increase in the use of antiretroviral therapy since the introduction of protease inhibitors has not been accompanied by an increase in serious cardiovascular or cerebrovascular events.

In fact, in this large population, a decrease in admissions and deaths attributed to cardiovascular or cerebrovascular diseases accompanied the expected but still dramatic 78 percent drop in all-cause mortality since the advent of highly active antiretroviral therapy. Moreover, there was even a 76 percent drop in the composite outcome of first admission due to cardiovascular or cerebrovascular diagnoses or death from any cause. This shows that, even if all cardiovascular and cerebrovascular admissions were taken to be as bad as death, this population has been enormously better off in this respect since the advent of highly active antiretroviral therapy. Accordingly, we can strongly conclude that, over the short-term, concern about cardiovascular and cerebrovascular disease should not deter patients and providers from employing the highest quality process of HIV care, as defined by the use of guidelines-compatible combination antiretroviral therapy when indicated. Moreover, it is clear that absent access to high quality modern treatment, many patients would not survive to the point of concern regarding longer-term effects.

This is not to say that the metabolic effects of newer therapies are of no concern. Clearly, lipodystrophy, dysglycemia, and hyperlipidemia are real phenomena in this population. Lipodystrophy is harmful in itself because of its large effect on esteem and quality of life. Dysglycemia can require therapy and be associated with considerable short-term morbidity. Hyperlipidemia may have longer-term effects, about which we can make no data-driven statements because, even given a retrospective design, our follow-up was short relative to the time course of  conventional serious vascular disease.  

The retrospective design is itself a limitation. We are confident that the endpoints chosen are accurately reported, but note that these choices were limited by the nature of the available data. In addition, we are less confident of our ability to adequately control for certain factors. Generally, the absence of laboratory and medical records required us to rely on less satisfactory sources for certain information. An example is our reliance on telltale signs in administrative records such as prescription of a nicotine formulation to detect smoker. We do not think these limitations severe because we doubt that the presence of risk factors for vascular disease had any influence on antiretroviral prescribing patterns during the last half of the 1990’s. However, these considerations do raise the problem of selection of patients to treatment.

When our analyses shift from describing separate trends in the population to examining the relationship between exposure and outcomes in individual patients, difficulties arise because variations in outcomes are the result of the effect of the treatment, the host-disease interaction, and on being the sort of patient who is or is not treated or who does or does not continue follow-up. Conventional covariate adjustment is unable to fully compensate for unmeasured factors that relate to why persons with similar values for measured variables may have different likelihoods of getting or remaining on a treatment. Restated, selection effects in observational studies arise from non-randomized treatment initiation, while similar considerations apply to withdrawal from treatment in that cumulative exposure itself is dependent on medical condition and tolerance of the treatment. The resulting bias may be in either direction, depending on whether those who are “doing well” are more or less likely to start treatment, and more or less likely to have treatment continued.

Our current regression analyses are clearly subject to selection biases. For example, the hazard ratio for all cause mortality and “any” anti-retroviral treatment is only 0.96 during a time when we know that a dramatic reduction in the death rates has occurred in association with increases in use of antiretroviral treatment. This discrepancy can be explained by the fact that antiretrovirals are prescribed to sicker patients who are, in general, at higher risk of death. However, analyses relating exposure to admissions and deaths due to specified vascular diseases is on firmer ground because there is little reason to believe that antiretroviral prescribing is related to the risk of these specific events.
  Whatever the treatment selection effects on the association of overall mortality with HAART exposure, we are confident that they are far less influential for the analyses of cardiovascular and cerebrovascular diseases. Moreover, we believe that the augmentation of our standard covariates with covariates designed to absorb some selection effects foreshadows the effect of a more complete approach, such as the use of propensity or Heckman modeling.

Apart from selection issues, interpretation of the hazard ratios presented is not entirely straightforward. Hazard ratios from models with only one treatment variable (e.g., nucleoside analog) represent the covariate adjusted effect of that treatment in the context of clinical practice, which generally includes use of other antiretrovirals. These hazard ratios must be interpreted not as the effect of exposure to a drug alone but the effect of exposure to that drug and other drugs and treatments that accompany it. Hazard ratios listed for joint models including variables for all three classes of drug represent the effect of a defined change in the  cumulative exposure to a single class under the assumption that all other drugs exposures are held constant. Since antiretrovirals are generally used in a treatment strategy, a change in cumulative exposure to one drug class would quite likely be accompanied by a change in value of one of the other exposure covariates. The exposure hazard ratio estimates in the joint models report on the effect of a single drug class in the counterfactual world of other exposures remaining constant. Therefore, comparison of a hazard ratio estimate in the model with that single drug class exposure variable to the corresponding hazard ratio estimate in the joint model must be made with great caution. A final consideration is that each  hazard ratio for cumulative exposure reports on the relationship between a patient with12 months of cumulative exposure compared to a person with no exposure. It is a composite taken from the linear exposure term, which applies equally to any 12-month increment, and the quadratic exposure term, which has effects that depend on the starting point. Therefore, the hazard ratios reported here would not apply to other 12-month increments (e.g., the change from 6 months cumulative exposure to 18 months cumulative exposure).

This context, regarding the overall declines in death and to some extent cardiovascular and cerebrovascular events and the limitations of the modeling, is of some assistance in interpreting the results of the models. Bearing in mind that any relative effects will translate to small absolute effects, the results for the single exposure models for vascular disease are generally consistent with conventional wisdom. Any antiretroviral and nucleoside analog exposure could be seen to not increase risk of vascular disease because this use is not perfectly correlated with use of newer agents in a longer term cohort. Selection effects could explain the generally mild effect of all of the exposures on all cause mortality. Alternatively, increasing exposure to the newer agents could be a marker for more aggressive treatment generally, since use of all classes jumped after 1995. In fact, increases in the use of nucleoside analogs use between 1995 and 2001 were, at 32.9 years per 100 patient-years of follow-up, comparable to the increase in protease inhibitors (35.9) and greater than the increase in non-nucleoside reverse transcriptase use (22.9).

In simultaneous models, increasing use of newer agents holding other use constant sharply decreases hazard (ratios of about 0.4 to 0.6) for all four outcomes, while increases in nucleoside use holding the newer agents constant has little effect. For mortality, this is consistent with the observed trends in the population and external knowledge. For vascular disease, it raises the possibility that increasing exposure to newer agents per se is not directly harmful with respect to consequences of lipid abnormalities, but that these exposures are actually tempering increasing hazard related to the fact of aggressive treatment, or of prolonged exposure to nucleosides, or to prolonged survival itself. All of these possibilities could be explored with lengthened observation.

In the models enhanced to better control for selection, hazard ratios for outcomes containing all cause mortality were more uniform and generally lower for all three classes of drug, suggesting that these models better illustrate the native effect of treatment. In these models, 12 months of exposure to each of the three classes was also protective against vascular morbidity and mortality, suggesting again that either the effect on lipid metabolism are not coupled to early increased vascular diseases or that it is not specific drug exposure causing the metabolic syndromes

2.5.2 Next Steps

To reiterate, we are confident that there has not been any increase in the incidence of cardiovascular or cerebrovascular events in over eight years of experience at the US Veterans Health Administration, including over 6 years of experience during the great expansion in the amount and kind of antiretroviral therapy given since the start of the HAART era. While one would expect that accelerated development of vascular disease might be evident by now, the length of follow-up ion this study is short in the context of time usually required for the development of serious vascular disease, suggesting that ongoing monitoring is desirable.  

We would propose that ongoing monitoring of the VA cohort is a very efficient way to accomplish this. Indeed, even renewal of this project for a short time would substantially increase follow-up because another whole year of cause-of-death data can be obtained in the spring. Moreover, we have just arranged to capture recent and future laboratory data on subject patients, a step that will greatly increase the information available for analysis.

A second area of concern relates to the analysis of the data at hand. We have evaluated a number of main models using a pre-specified set of covariates and fixed and cumulative exposure variables with quadratic terms, by individual class and with all classes simultaneously. Time and resources did not allow more complete modeling exercise, including alternative specifications for variables and exploration of interactions, nor did it allow for consideration of other approaches, such as fully interactive recursive partitioning methods. More importantly, these initial analyses relied on covariate adjustment to address issues of selection and informative censoring.  

A more intuitive sense of how selection might be operating might come from considering the early days of HIV/AIDS treatment. At the time, some patients refused treatment for a simple, straightforward reason: they knew that people started on the drug often died shortly thereafter. We know this analysis to be naïve by reference to external information (i.e., clinical trials), but it is difficult to show that with only these patients' own observations. Similarly, a naive (but in a limited sense, correct) statistical analysis evaluating zidovudine's effect on immune status would have shown that its use to be associated with lower CD4 counts. We have taken a good step toward controlling for this effect in our modeling presented here, but sopping at this point will limit inference from our models and could affect the acceptance of our modeling results in the scientific, publishing, treatment, and perhaps regulatory communities.

Our initial approach should be augmented with additional adjustments for selection of treatment and for informative censoring. These adjustments are accomplished by using factors external to the relationship selection an outcome to explicit modeling the underlying propensity for entering therapy or leaving follow-up, and using the results to stratify, weight, or otherwise adjust the analysis. Use of these more advanced techniques can be quite successful. In fact, two of the authors of this report were involved in a publication that used selection modeling to correctly showing improvement in HIV patient outcomes after getting insurance, rather than the previously reported deterioration. The latter finding was the result of a published but naïve analysis that misinterpreted the fact that being poorer and sicker increases the chances of both getting public insurance and of having a bad outcome; a selection model revealed the correct inference.

For these reasons, we would recommend a three year follow-on program of research that would accumulate 10-year follow-up (1993-2003) data, add additional elements to the dataset, and explore advanced modeling in order to sharpen our understanding of the effects of treatment and increase confidence in the work already done. We are eager to offer a proposal for this work.
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3 APPENDIX:  DETAILED DOCUMENTATION

3.1:  PROJECT MEMOS

These memos formed the basis of project decisions and were accurate as of the stated dates of construction and/or revision. Many contain preliminary data, which may not match final results.

3.2:  ADVISORY BOARD

These communications were generated for and approved by the Advisory Committee convened to help establish our endpoints.

3.3:  ANALYTIC PLAN

This material formed the basis of planned analyses for the project and was accurate as of the stated date. However, as the analysis progressed, certain decisions to simplify or diverge somewhat from the plan were made as described in the text. The final results may not match those projected by this plan in all respects.

3.4:  RESULTS

This section includes all pre-analysis and modeling output. It is voluminous, but indexes are provided for each section.

3.5:  PROGRAMS

These are the text of the main SAS programs developed and run as part of this project.

� EMBED MSPhotoEd.3  ���





� EMBED PBrush  ���





� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Chart.8 \s ���





� EMBED Visio.Drawing.6  ���








� The codes for the infections and drug dependence that would exclude a case of intracranial hemorrhage from were: 46.3 Progressive multifocal leukoencephalopathy (PML), 130.0 Meningoencephalitis due to toxoplasmosis, 421.0-421.99 Acute and subacute endocarditis, 304.2-304.29 Cocaine dependence, 304.4-304.49 Amphetamine and psychostimulant dependence, 305.6-305.69 Cocaine abuse.


� For perspective, we note that the rate for all admissions dropped 61 percent from 120 to 46 per 100 patient-years between 1993 and 2000.


� Because our models include both a linear (i.e., months) and a quadratic term (i.e., months2) for cumulative exposure, the hazard ratio estimate for 12 compared to 0 months is different than that for different lengths of time (e.g., 6 versus 0 months) as well as for other 12 month exposure differences (e.g., 18 months vs. 6 months). For the current study, 12 months is numerically between the median exposure for nucleoside analogs and that for the newer drugs.


� A separate test of significance is necessary because it is possible to obtain a highly significant result  even when the 95% confidence interval for the 12-month composite hazard ratio includes one. For example, when the parameter estimates for the linear and quadratic terms are significant but have opposite signs, the composite hazard ratio estimate will vary over time could actually be equal to one at some point.


� For these analyses to be valid, it is necessary that, conditional on death at a specified follow-up time (age), the allocation of deaths to causes is not influenced by treatment selection effects. A sufficient condition for this situation to exist is that:  Probability[ARV exposure| death risk, cause-specific death risks, adjustment covariates] = Probability[ARV exposure| death risk,  adjustment covariates].
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								Incidence rate per 100 patient-years

				Number of patients at risk in the year		Patient-years of follow-up for the year		Inpatient stay or death from cardiovascular or cerebrovascular disease		95% CI		Inpatient stay for any cardiovascular or cerebrovascular disease of interest		95% CI		Inpatient stay for any cardiovascular or cerebrovascular disease or death from any cause		95% CI		All cause mortality		95% CI

		1993		16,763		12,634		1.95		(1.71142,2.20631)		1.64		(1.42285,1.87753)		19.45		(18.6864,20.2324)		17.99		(17.2594,18.7467)

		1994		18,055		13,796		2.82		(2.54635,3.11423)		1.63		(1.42473,1.85849)		22.26		(21.4794,23.0613)		20.73		(19.9775,21.5044)

		1995		17,717		13,707		2.17		(1.93422,2.43547)		1.71		(1.49542,1.94049)		22.89		(22.0995,23.7089)		21.32		(20.5517,22.1050)

		1996		16,976		13,403		2.11		(1.87257,2.37231)		1.68		(1.46650,1.91297)		18.14		(17.4308,18.8806)		16.57		(15.8886,17.2744)

		1997		16,779		13,993		1.77		(1.55190,1.99961)		1.31		(1.13182,1.51930)		10.58		(10.0518,11.1371)		9.33		(8.82701,9.84628)

		1998		17,357		14,685		1.83		(1.61945,2.06433)		1.44		(1.25587,1.65164)		8.91		(8.43097,9.40332)		7.52		(7.08102,7.97490)

		1999		18,183		15,488		1.77		(1.56580,1.99145)		1.28		(1.10652,1.46940)		8.07		(7.62942,8.53080)		6.87		(6.46313,7.29527)

		2000		18,610		15,989				(1.10099,1.45684)		1.27		(1.10099,1.45684)		6.95		(6.54603,7.36959)		5.72		(5.35796,6.10595)

		2001		17,891		8,241				((0.72660,1.15428)		0.92		(0.72660,1.15428)		5.86		(5.34979,6.40764)		4.98		(4.50510,5.48075)

		TOTAL (OR AVERAGE*)		36,766		121,936		2.05				1.45*		(1.37993,1.51579)		13.72*		(13.5140,13.9307)		12.36*		(12.1657,12.5612)

		FIRST EVENTS

		1993		16,763		12,634		1.61		(1.39336,1.84370)		1.35		(1.15825,1.57228)		18.97		(18.2132,19.7400)		17.99		(17.2594,18.7467)

		1994		18,055		13,796		2.27		(2.02434,2.53453)		1.15		(0.97363,1.33840)		21.26		(20.4970,22.0431)		20.73		(19.9775,21.5044)

		1995		17,717		13,707		1.50		(1.29786,1.71494)		1.09		(0.92622,1.28415)		21.73		(20.9529,22.5209)		21.32		(20.5517,22.1050)

		1996		16,976		13,403		1.40		(1.20237,1.61012)		1.08		(0.91291,1.27294)		17.06		(16.3635,17.7694)		16.57		(15.8886,17.2744)

		1997		16,779		13,993		1.10		(0.93361,1.28876)		0.70		(0.56859,0.85351)		9.58		(9.07735,10.1105)		9.33		(8.82701,9.84628)

		1998		17,357		14,685		1.16		(0.99018,1.34536)		0.85		(0.70855,1.01419)		7.94		(7.49094,8.40938)		7.52		(7.08102,7.97490)

		1999		18,183		15,488		1.19		(1.02853,1.37953)		0.77		(0.63650,0.91942)		7.19		(6.77010,7.62104)		6.87		(6.46313,7.29527)

		2000		18,610		15,989						0.79		(0.65647,0.93828)		6.11		(5.73337,6.50608)		5.72		(5.35796,6.10595)

		2001		17,891		8,241						0.53		(0.38794,0.71675)		5.13		(4.65527,5.64607)		4.98		(4.50510,5.48075)

		All		36,766		121,936		1.45				0.93		(0.87824,0.98743)		12.80		(12.6042,13.0067)		12.36		(12.1657,12.5612)

		all events

				Cardio/ cerebro-vascular admission or death		Cardio/ cerebro-vascular admission		Cardio/ cerebro-vascular admission or death from any cause		All cause mortality

		1993		1.95		1.64		19.45		17.99

		1994		2.82		1.63		22.26		20.73

		1995		2.17		1.71		22.89		21.32

		1996		2.11		1.68		18.14		16.57

		1997		1.77		1.31		10.58		9.33

		1998		1.83		1.44		8.91		7.52

		1999		1.77		1.28		8.07		6.87

		2000				1.27		6.95		5.72

		2001				0.92		5.86		4.98

		1st events

				Cardio/ cerebro-vascular admission or death		Cardio/ cerebro-vascular admission		Cardio/ cerebro-vascular admission or death from any cause		All cause mortality

		1993		1.61		1.35		18.97		17.99

		1994		2.27		1.15		21.26		20.73

		1995		1.50		1.09		21.73		21.32

		1996		1.40		1.08		17.06		16.57

		1997		1.10		0.70		9.58		9.33

		1998		1.16		0.85		7.94		7.52

		1999		1.19		0.77		7.19		6.87

		2000				0.79		6.11		5.72

		2001				0.53		5.13		4.98





raw findings

				1993-2001		run 01/15/02

				Category 1: Any inpat stay or mortality attrib to card or cere		Category 2: Any inpat cardio or cere stay (serious or less serious)		Category 3: any inpat card or cere stay or any mortality		Category 4: Any mortality		Number of patients at risk in the year		Number of patients sampled in the year		Patient-years of follow-up for the year		Incidence rate per 100 yrs. f/u cat 1		95% CI		Incidence rate per 100 yrs. f/u cat 2		95% CI		Incidence rate per 100 yrs. f/u cat 3		95% CI		Incidence rate per 100 yrs. f/u cat 4		95% CI

		1993		246		207		2457		2273		16763		36766		12,633.8		1.947165331		(1.71142,2.20631)		1.6384683882		(1.42285,1.87753)		19.4479073909		(18.6864,20.2324)		17.9914910458		(17.2594,18.7467)

		1994		389		225		3071		2860		18055		36766		13,796.2		2.8196231273		(2.54635,3.11423)		1.630887413		(1.42473,1.85849)		22.2598010897		(21.4794,23.0613)		20.7303911158		(19.9775,21.5044)

		1995		298		234		3138		2922		17717		36766		13,706.9		2.1740843311		(1.93422,2.43547)		1.7071668909		(1.49542,1.94049)		22.8935457419		(22.0995,23.7089)		21.317699381		(20.5517,22.1050)

		1996		283		225		2432		2221		16976		36766		13,403.3		2.1114281984		(1.87257,2.37231)		1.6786973309		(1.46650,1.91297)		18.1448529275		(17.4308,18.8806)		16.570607875		(15.8886,17.2744)

		1997		247		184		1481		1305		16779		36766		13,992.8		1.7651897436		(1.55190,1.99961)		1.3149591612		(1.13182,1.51930)		10.5839919444		(10.0518,11.1371)		9.3262049207		(8.82701,9.84628)

		1998		269		212		1308		1104		17357		36766		14,684.8		1.8318323431		(1.61945,2.06433)		1.4436745603		(1.25587,1.65164)		8.9071996459		(8.43097,9.40332)		7.5180033708		(7.08102,7.97490)

		1999		274		198		1250		1064		18183		36766		15,488.2		1.7690921523		(1.56580,1.99145)		1.2783950589		(1.10652,1.46940)		8.0706758771		(7.62942,8.53080)		6.8697593066		(6.46313,7.29527)

		2000				203		1111		915		18610		36766		15,988.7		0		(1.10099,1.45684)		1.2696490702		(1.10099,1.45684)		6.9486705273		(6.54603,7.36959)		5.7228024595		(5.35796,6.10595)

		2001				76		483		410		17891		36766		8,241.1		0		((0.72660,1.15428)		0.922209225		(0.72660,1.15428)		5.8608823115		(5.34979,6.40764)		4.9750760823		(4.50510,5.48075)

		TOTAL (OR AVERAGE*)		2006		1764		16731		15074		17592.33*		36766		121,935.6		2.0531014318				1.446665*		(1.37993,1.51579)		13.72118*		(13.5140,13.9307)		12.36226*		(12.1657,12.5612)

																1,463,227.1

																39.8

		FIRST EVENTS		(a event is listed here only if it is the first occurrence of an event in that cateogry for that patient in the entire observation period)

		1993		203		171		2396		2273		16763		36766		12,633.8		1.6068071634		(1.39336,1.84370)		1.3535173642		(1.15825,1.57228)		18.9650737113		(18.2132,19.7400)		17.9914910458		(17.2594,18.7467)

		1994		313		158		2933		2860		18055		36766		13,796.2		2.2687456011		(2.02434,2.53453)		1.1452453833		(0.97363,1.33840)		21.2595234764		(20.4970,22.0431)		20.7303911158		(19.9775,21.5044)

		1995		205		150		2978		2922		17717		36766		13,706.9		1.4955949258		(1.29786,1.71494)		1.0943377506		(0.92622,1.28415)		21.7262521413		(20.9529,22.5209)		21.317699381		(20.5517,22.1050)

		1996		187		145		2286		2221		16976		36766		13,403.3		1.3951840039		(1.20237,1.61012)		1.0818271688		(0.91291,1.27294)		17.0555648817		(16.3635,17.7694)		16.570607875		(15.8886,17.2744)

		1997		154		98		1341		1305		16779		36766		13,992.8		1.1005636458		(0.93361,1.28876)		0.7003586837		(0.56859,0.85351)		9.5834795392		(9.07735,10.1105)		9.3262049207		(8.82701,9.84628)

		1998		170		125		1166		1104		17357		36766		14,684.8		1.1576635625		(0.99018,1.34536)		0.8512232077		(0.70855,1.01419)		7.9402100819		(7.49094,8.40938)		7.5180033708		(7.08102,7.97490)

		1999		185		119		1113		1064		18183		36766		15,488.2		1.1944600298		(1.02853,1.37953)		0.7683283435		(0.63650,0.91942)		7.186129801		(6.77010,7.62104)		6.8697593066		(6.46313,7.29527)

		2000				126		977		915		18610		36766		15,988.7		0		(0.65647,0.93828)		0.7880580436		(0.65647,0.93828)		6.1105770524		(5.73337,6.50608)		5.7228024595		(5.35796,6.10595)

		2001				44		423		410		17891		36766		8,241.1		0		(0.38794,0.71675)		0.5339106039		(0.38794,0.71675)		5.1328223971		(4.65527,5.64607)		4.9750760823		(4.50510,5.48075)

		TOTAL (OR AVERAGE*)		1417		1136		15613		15074		17592.33*		36766		121,935.6		1.4502715498				.931639*		(0.87824,0.98743)		12.8043*		(12.6042,13.0067)		12.36226*		(12.1657,12.5612)





exposure

				1993-2001		run 01/22/02

				Total months of exposure to NA		Total months of exposure to NN		Total months of exposure to PI		Total months exposure to at least one of NA, NN , PI		Number of patients at risk in the year		Number of patients sampled in the year		Patient-years of follow-up for the year		Patient months of follow-up for the year		Ratio of months of exposure to NA to total months of observation		Ratio of months of exposure to NN to total months of observation		Ratio of months of exposure to PI to total months of observation		Ratio of months of exposure to at least one of NA, NN, PI to total months of observation

		1993		35,081		0		0		35,081		16763		36766		12633.75		151605		0.2313973814		0		0		0.2313973814

		1994		32,681		0		4		32,682		18055		36766		13796.17		165554		0.1974038682		0		0.0000241613		0.1974099085

		1995		37,944		2		45		37,973		17717		36766		13706.92		164483		0.2306864539		0.0000121593		0.0002735845		0.2308627639

		1996		62,206		75		15,575		64,269		16976		36766		13403.25		160839		0.3867594302		0.0004663048		0.0968359664		0.3995859213

		1997		90,153		4,922		55,436		94,138		16779		36766		13992.83		167914		0.5368998416		0.0293126243		0.3301451934		0.5606322284

		1998		93,665		15,321		72,720		100,691		17357		36766		14684.75		176217		0.531532145		0.0869439384		0.4126730111		0.5714034401

		1999		100,506		30,623		74,530		107,685		18183		36766		15488.17		185858		0.5407676829		0.1647655737		0.4010050684		0.5793939459

		2000		101,892		38,542		69,699		109,818		18610		36766		15988.67		191864		0.5310636701		0.2008818747		0.3632729433		0.5723741817

		2001		55,405		22,683		35,480		59,483		17891		36766		8241.08		98893		0.5602519895		0.2293691161		0.3587716016		0.6014884774

		TOTAL (OR AVERAGE*)		609533		112168		323489		641820		17592.33*		36766		121935.59		1463227		0.4165676276		0.0766579622		0.2210791627		0.4386332401

				Nucleoside analog		Non-nucleoside RT inhibitor		Protease Inhibitor		Any antiretroviral

		1993		23.1397381353		0		0		23.1397381353

		1994		19.7403868224		0		0.0024161301		19.7409908549

		1995		23.0686453919		0.0012159311		0.0273584504		23.0862763933

		1996		38.6759430238		0.0466304814		9.6835966401		39.9585921325

		1997		53.6899841586		2.931262432		33.0145193373		56.0632228403

		1998		53.1532145026		8.694393844		41.2673011117		57.1403440077

		1999		54.0767682855		16.4765573718		40.1005068386		57.9393945916

		2000		53.10636701		20.0881874661		36.3272943335		57.2374181712

		2001		56.0251989524		22.9369116115		35.877160163		60.1488477445

				Any antiretroviral		Non-nucleoside RT inhibitor		Protease Inhibitor		Any antiretroviral		Cardio/ cerebro-vascular admission or death		Cardio/ cerebro-vascular admission

		1993		23.1397381353		0		0		23.1397381353		18.97		1.35

		1994		19.7409908549		0		0.0024161301		19.7409908549		21.26		1.15

		1995		23.0862763933		0.0012159311		0.0273584504		23.0862763933		21.73		1.09

		1996		39.9585921325		0.0466304814		9.6835966401		39.9585921325		17.06		1.08

		1997		56.0632228403		2.931262432		33.0145193373		56.0632228403		9.58		0.70

		1998		57.1403440077		8.694393844		41.2673011117		57.1403440077		7.94		0.85

		1999		57.9393945916		16.4765573718		40.1005068386		57.9393945916		7.19		0.77

		2000		57.2374181712		20.0881874661		36.3272943335		57.2374181712		6.11		0.79

		2001		60.1488477445		22.9369116115		35.877160163		60.1488477445		5.13		0.53
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Outcome Figure 1: Event Rates - All Events
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1st event chart
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Figure 2.4.2_3: Exposure to Antiretrovirals
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summary chart
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Outcme Figure 4: Summary of Event Rates (Left Axis) and Exposure (Right Axis)
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processed

		

								Incidence rate per 100 patient-years

				Number of patients at risk in the year		Patient-years of follow-up for the year		Inpatient stay or death from cardiovascular or cerebrovascular disease		95% CI		Inpatient stay for any cardiovascular or cerebrovascular disease of interest		95% CI		Inpatient stay for any cardiovascular or cerebrovascular disease or death from any cause		95% CI		All cause mortality		95% CI

		1993		16,763		12,634		1.95		(1.71142,2.20631)		1.64		(1.42285,1.87753)		19.45		(18.6864,20.2324)		17.99		(17.2594,18.7467)

		1994		18,055		13,796		2.82		(2.54635,3.11423)		1.63		(1.42473,1.85849)		22.26		(21.4794,23.0613)		20.73		(19.9775,21.5044)

		1995		17,717		13,707		2.17		(1.93422,2.43547)		1.71		(1.49542,1.94049)		22.89		(22.0995,23.7089)		21.32		(20.5517,22.1050)

		1996		16,976		13,403		2.11		(1.87257,2.37231)		1.68		(1.46650,1.91297)		18.14		(17.4308,18.8806)		16.57		(15.8886,17.2744)

		1997		16,779		13,993		1.77		(1.55190,1.99961)		1.31		(1.13182,1.51930)		10.58		(10.0518,11.1371)		9.33		(8.82701,9.84628)

		1998		17,357		14,685		1.83		(1.61945,2.06433)		1.44		(1.25587,1.65164)		8.91		(8.43097,9.40332)		7.52		(7.08102,7.97490)

		1999		18,183		15,488		1.77		(1.56580,1.99145)		1.28		(1.10652,1.46940)		8.07		(7.62942,8.53080)		6.87		(6.46313,7.29527)

		2000		18,610		15,989				(1.10099,1.45684)		1.27		(1.10099,1.45684)		6.95		(6.54603,7.36959)		5.72		(5.35796,6.10595)

		2001		17,891		8,241				((0.72660,1.15428)		0.92		(0.72660,1.15428)		5.86		(5.34979,6.40764)		4.98		(4.50510,5.48075)

		TOTAL (OR AVERAGE*)		36,766		121,936		2.05				1.45*		(1.37993,1.51579)		13.72*		(13.5140,13.9307)		12.36*		(12.1657,12.5612)

		FIRST EVENTS

		1993		16,763		12,634		1.61		(1.39336,1.84370)		1.35		(1.15825,1.57228)		18.97		(18.2132,19.7400)		17.99		(17.2594,18.7467)

		1994		18,055		13,796		2.27		(2.02434,2.53453)		1.15		(0.97363,1.33840)		21.26		(20.4970,22.0431)		20.73		(19.9775,21.5044)

		1995		17,717		13,707		1.50		(1.29786,1.71494)		1.09		(0.92622,1.28415)		21.73		(20.9529,22.5209)		21.32		(20.5517,22.1050)

		1996		16,976		13,403		1.40		(1.20237,1.61012)		1.08		(0.91291,1.27294)		17.06		(16.3635,17.7694)		16.57		(15.8886,17.2744)

		1997		16,779		13,993		1.10		(0.93361,1.28876)		0.70		(0.56859,0.85351)		9.58		(9.07735,10.1105)		9.33		(8.82701,9.84628)

		1998		17,357		14,685		1.16		(0.99018,1.34536)		0.85		(0.70855,1.01419)		7.94		(7.49094,8.40938)		7.52		(7.08102,7.97490)

		1999		18,183		15,488		1.19		(1.02853,1.37953)		0.77		(0.63650,0.91942)		7.19		(6.77010,7.62104)		6.87		(6.46313,7.29527)

		2000		18,610		15,989						0.79		(0.65647,0.93828)		6.11		(5.73337,6.50608)		5.72		(5.35796,6.10595)

		2001		17,891		8,241						0.53		(0.38794,0.71675)		5.13		(4.65527,5.64607)		4.98		(4.50510,5.48075)

		All		36,766		121,936		1.45				0.93		(0.87824,0.98743)		12.80		(12.6042,13.0067)		12.36		(12.1657,12.5612)

		all events

				Cardio/ cerebro-vascular admission or death		Cardio/ cerebro-vascular admission		Cardio/ cerebro-vascular admission or death from any cause		All cause mortality

		1993		1.95		1.64		19.45		17.99

		1994		2.82		1.63		22.26		20.73

		1995		2.17		1.71		22.89		21.32

		1996		2.11		1.68		18.14		16.57

		1997		1.77		1.31		10.58		9.33

		1998		1.83		1.44		8.91		7.52

		1999		1.77		1.28		8.07		6.87

		2000				1.27		6.95		5.72

		2001				0.92		5.86		4.98

		1st events

				Cardio/ cerebro-vascular admission or death		Cardio/ cerebro-vascular admission		Cardio/ cerebro-vascular admission or death from any cause		All cause mortality

		1993		1.61		1.35		18.97		17.99

		1994		2.27		1.15		21.26		20.73

		1995		1.50		1.09		21.73		21.32

		1996		1.40		1.08		17.06		16.57

		1997		1.10		0.70		9.58		9.33

		1998		1.16		0.85		7.94		7.52

		1999		1.19		0.77		7.19		6.87

		2000				0.79		6.11		5.72

		2001				0.53		5.13		4.98





raw findings

				1993-2001		run 01/15/02

				Category 1: Any inpat stay or mortality attrib to card or cere		Category 2: Any inpat cardio or cere stay (serious or less serious)		Category 3: any inpat card or cere stay or any mortality		Category 4: Any mortality		Number of patients at risk in the year		Number of patients sampled in the year		Patient-years of follow-up for the year		Incidence rate per 100 yrs. f/u cat 1		95% CI		Incidence rate per 100 yrs. f/u cat 2		95% CI		Incidence rate per 100 yrs. f/u cat 3		95% CI		Incidence rate per 100 yrs. f/u cat 4		95% CI

		1993		246		207		2457		2273		16763		36766		12,633.8		1.947165331		(1.71142,2.20631)		1.6384683882		(1.42285,1.87753)		19.4479073909		(18.6864,20.2324)		17.9914910458		(17.2594,18.7467)

		1994		389		225		3071		2860		18055		36766		13,796.2		2.8196231273		(2.54635,3.11423)		1.630887413		(1.42473,1.85849)		22.2598010897		(21.4794,23.0613)		20.7303911158		(19.9775,21.5044)

		1995		298		234		3138		2922		17717		36766		13,706.9		2.1740843311		(1.93422,2.43547)		1.7071668909		(1.49542,1.94049)		22.8935457419		(22.0995,23.7089)		21.317699381		(20.5517,22.1050)

		1996		283		225		2432		2221		16976		36766		13,403.3		2.1114281984		(1.87257,2.37231)		1.6786973309		(1.46650,1.91297)		18.1448529275		(17.4308,18.8806)		16.570607875		(15.8886,17.2744)

		1997		247		184		1481		1305		16779		36766		13,992.8		1.7651897436		(1.55190,1.99961)		1.3149591612		(1.13182,1.51930)		10.5839919444		(10.0518,11.1371)		9.3262049207		(8.82701,9.84628)

		1998		269		212		1308		1104		17357		36766		14,684.8		1.8318323431		(1.61945,2.06433)		1.4436745603		(1.25587,1.65164)		8.9071996459		(8.43097,9.40332)		7.5180033708		(7.08102,7.97490)

		1999		274		198		1250		1064		18183		36766		15,488.2		1.7690921523		(1.56580,1.99145)		1.2783950589		(1.10652,1.46940)		8.0706758771		(7.62942,8.53080)		6.8697593066		(6.46313,7.29527)

		2000				203		1111		915		18610		36766		15,988.7		0		(1.10099,1.45684)		1.2696490702		(1.10099,1.45684)		6.9486705273		(6.54603,7.36959)		5.7228024595		(5.35796,6.10595)

		2001				76		483		410		17891		36766		8,241.1		0		((0.72660,1.15428)		0.922209225		(0.72660,1.15428)		5.8608823115		(5.34979,6.40764)		4.9750760823		(4.50510,5.48075)

		TOTAL (OR AVERAGE*)		2006		1764		16731		15074		17592.33*		36766		121,935.6		2.0531014318				1.446665*		(1.37993,1.51579)		13.72118*		(13.5140,13.9307)		12.36226*		(12.1657,12.5612)

																1,463,227.1

																39.8

		FIRST EVENTS		(a event is listed here only if it is the first occurrence of an event in that cateogry for that patient in the entire observation period)

		1993		203		171		2396		2273		16763		36766		12,633.8		1.6068071634		(1.39336,1.84370)		1.3535173642		(1.15825,1.57228)		18.9650737113		(18.2132,19.7400)		17.9914910458		(17.2594,18.7467)

		1994		313		158		2933		2860		18055		36766		13,796.2		2.2687456011		(2.02434,2.53453)		1.1452453833		(0.97363,1.33840)		21.2595234764		(20.4970,22.0431)		20.7303911158		(19.9775,21.5044)

		1995		205		150		2978		2922		17717		36766		13,706.9		1.4955949258		(1.29786,1.71494)		1.0943377506		(0.92622,1.28415)		21.7262521413		(20.9529,22.5209)		21.317699381		(20.5517,22.1050)

		1996		187		145		2286		2221		16976		36766		13,403.3		1.3951840039		(1.20237,1.61012)		1.0818271688		(0.91291,1.27294)		17.0555648817		(16.3635,17.7694)		16.570607875		(15.8886,17.2744)

		1997		154		98		1341		1305		16779		36766		13,992.8		1.1005636458		(0.93361,1.28876)		0.7003586837		(0.56859,0.85351)		9.5834795392		(9.07735,10.1105)		9.3262049207		(8.82701,9.84628)

		1998		170		125		1166		1104		17357		36766		14,684.8		1.1576635625		(0.99018,1.34536)		0.8512232077		(0.70855,1.01419)		7.9402100819		(7.49094,8.40938)		7.5180033708		(7.08102,7.97490)

		1999		185		119		1113		1064		18183		36766		15,488.2		1.1944600298		(1.02853,1.37953)		0.7683283435		(0.63650,0.91942)		7.186129801		(6.77010,7.62104)		6.8697593066		(6.46313,7.29527)

		2000				126		977		915		18610		36766		15,988.7		0		(0.65647,0.93828)		0.7880580436		(0.65647,0.93828)		6.1105770524		(5.73337,6.50608)		5.7228024595		(5.35796,6.10595)

		2001				44		423		410		17891		36766		8,241.1		0		(0.38794,0.71675)		0.5339106039		(0.38794,0.71675)		5.1328223971		(4.65527,5.64607)		4.9750760823		(4.50510,5.48075)

		TOTAL (OR AVERAGE*)		1417		1136		15613		15074		17592.33*		36766		121,935.6		1.4502715498				.931639*		(0.87824,0.98743)		12.8043*		(12.6042,13.0067)		12.36226*		(12.1657,12.5612)





exposure

				1993-2001		run 01/22/02

				Total months of exposure to NA		Total months of exposure to NN		Total months of exposure to PI		Total months exposure to at least one of NA, NN , PI		Number of patients at risk in the year		Number of patients sampled in the year		Patient-years of follow-up for the year		Patient months of follow-up for the year		Ratio of months of exposure to NA to total months of observation		Ratio of months of exposure to NN to total months of observation		Ratio of months of exposure to PI to total months of observation		Ratio of months of exposure to at least one of NA, NN, PI to total months of observation

		1993		35,081		0		0		35,081		16763		36766		12633.75		151605		0.2313973814		0		0		0.2313973814

		1994		32,681		0		4		32,682		18055		36766		13796.17		165554		0.1974038682		0		0.0000241613		0.1974099085

		1995		37,944		2		45		37,973		17717		36766		13706.92		164483		0.2306864539		0.0000121593		0.0002735845		0.2308627639

		1996		62,206		75		15,575		64,269		16976		36766		13403.25		160839		0.3867594302		0.0004663048		0.0968359664		0.3995859213

		1997		90,153		4,922		55,436		94,138		16779		36766		13992.83		167914		0.5368998416		0.0293126243		0.3301451934		0.5606322284

		1998		93,665		15,321		72,720		100,691		17357		36766		14684.75		176217		0.531532145		0.0869439384		0.4126730111		0.5714034401

		1999		100,506		30,623		74,530		107,685		18183		36766		15488.17		185858		0.5407676829		0.1647655737		0.4010050684		0.5793939459

		2000		101,892		38,542		69,699		109,818		18610		36766		15988.67		191864		0.5310636701		0.2008818747		0.3632729433		0.5723741817

		2001		55,405		22,683		35,480		59,483		17891		36766		8241.08		98893		0.5602519895		0.2293691161		0.3587716016		0.6014884774

		TOTAL (OR AVERAGE*)		609533		112168		323489		641820		17592.33*		36766		121935.59		1463227		0.4165676276		0.0766579622		0.2210791627		0.4386332401

				Nucleoside analog		Non-nucleoside RT inhibitor		Protease Inhibitor		Any antiretroviral

		1993		23.1397381353		0		0		23.1397381353

		1994		19.7403868224		0		0.0024161301		19.7409908549

		1995		23.0686453919		0.0012159311		0.0273584504		23.0862763933

		1996		38.6759430238		0.0466304814		9.6835966401		39.9585921325

		1997		53.6899841586		2.931262432		33.0145193373		56.0632228403

		1998		53.1532145026		8.694393844		41.2673011117		57.1403440077

		1999		54.0767682855		16.4765573718		40.1005068386		57.9393945916

		2000		53.10636701		20.0881874661		36.3272943335		57.2374181712

		2001		56.0251989524		22.9369116115		35.877160163		60.1488477445

				Any antiretroviral		Non-nucleoside RT inhibitor		Protease Inhibitor		Any antiretroviral		Cardio/ cerebro-vascular admission or death		Cardio/ cerebro-vascular admission

		1993		23.1397381353		0		0		23.1397381353		18.97		1.35

		1994		19.7409908549		0		0.0024161301		19.7409908549		21.26		1.15

		1995		23.0862763933		0.0012159311		0.0273584504		23.0862763933		21.73		1.09

		1996		39.9585921325		0.0466304814		9.6835966401		39.9585921325		17.06		1.08

		1997		56.0632228403		2.931262432		33.0145193373		56.0632228403		9.58		0.70

		1998		57.1403440077		8.694393844		41.2673011117		57.1403440077		7.94		0.85

		1999		57.9393945916		16.4765573718		40.1005068386		57.9393945916		7.19		0.77

		2000		57.2374181712		20.0881874661		36.3272943335		57.2374181712		6.11		0.79

		2001		60.1488477445		22.9369116115		35.877160163		60.1488477445		5.13		0.53
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Outcome Figure 3: Exposure to Antiretrovirals
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Figure 2.4.2_4: Summary of Event & Exposure Rates
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								Incidence rate per 100 patient-years

				Number of patients at risk in the year		Patient-years of follow-up for the year		Inpatient stay or death from cardiovascular or cerebrovascular disease		95% CI		Inpatient stay for any cardiovascular or cerebrovascular disease of interest		95% CI		Inpatient stay for any cardiovascular or cerebrovascular disease or death from any cause		95% CI		All cause mortality		95% CI

		1993		16,763		12,634		1.95		(1.71142,2.20631)		1.64		(1.42285,1.87753)		19.45		(18.6864,20.2324)		17.99		(17.2594,18.7467)

		1994		18,055		13,796		2.82		(2.54635,3.11423)		1.63		(1.42473,1.85849)		22.26		(21.4794,23.0613)		20.73		(19.9775,21.5044)

		1995		17,717		13,707		2.17		(1.93422,2.43547)		1.71		(1.49542,1.94049)		22.89		(22.0995,23.7089)		21.32		(20.5517,22.1050)

		1996		16,976		13,403		2.11		(1.87257,2.37231)		1.68		(1.46650,1.91297)		18.14		(17.4308,18.8806)		16.57		(15.8886,17.2744)

		1997		16,779		13,993		1.77		(1.55190,1.99961)		1.31		(1.13182,1.51930)		10.58		(10.0518,11.1371)		9.33		(8.82701,9.84628)

		1998		17,357		14,685		1.83		(1.61945,2.06433)		1.44		(1.25587,1.65164)		8.91		(8.43097,9.40332)		7.52		(7.08102,7.97490)

		1999		18,183		15,488		1.77		(1.56580,1.99145)		1.28		(1.10652,1.46940)		8.07		(7.62942,8.53080)		6.87		(6.46313,7.29527)

		2000		18,610		15,989				(1.10099,1.45684)		1.27		(1.10099,1.45684)		6.95		(6.54603,7.36959)		5.72		(5.35796,6.10595)

		2001		17,891		8,241				((0.72660,1.15428)		0.92		(0.72660,1.15428)		5.86		(5.34979,6.40764)		4.98		(4.50510,5.48075)

		TOTAL (OR AVERAGE*)		36,766		121,936		2.05				1.45*		(1.37993,1.51579)		13.72*		(13.5140,13.9307)		12.36*		(12.1657,12.5612)

		FIRST EVENTS

		1993		16,763		12,634		1.61		(1.39336,1.84370)		1.35		(1.15825,1.57228)		18.97		(18.2132,19.7400)		17.99		(17.2594,18.7467)

		1994		18,055		13,796		2.27		(2.02434,2.53453)		1.15		(0.97363,1.33840)		21.26		(20.4970,22.0431)		20.73		(19.9775,21.5044)

		1995		17,717		13,707		1.50		(1.29786,1.71494)		1.09		(0.92622,1.28415)		21.73		(20.9529,22.5209)		21.32		(20.5517,22.1050)

		1996		16,976		13,403		1.40		(1.20237,1.61012)		1.08		(0.91291,1.27294)		17.06		(16.3635,17.7694)		16.57		(15.8886,17.2744)

		1997		16,779		13,993		1.10		(0.93361,1.28876)		0.70		(0.56859,0.85351)		9.58		(9.07735,10.1105)		9.33		(8.82701,9.84628)

		1998		17,357		14,685		1.16		(0.99018,1.34536)		0.85		(0.70855,1.01419)		7.94		(7.49094,8.40938)		7.52		(7.08102,7.97490)

		1999		18,183		15,488		1.19		(1.02853,1.37953)		0.77		(0.63650,0.91942)		7.19		(6.77010,7.62104)		6.87		(6.46313,7.29527)

		2000		18,610		15,989						0.79		(0.65647,0.93828)		6.11		(5.73337,6.50608)		5.72		(5.35796,6.10595)

		2001		17,891		8,241						0.53		(0.38794,0.71675)		5.13		(4.65527,5.64607)		4.98		(4.50510,5.48075)

		All		36,766		121,936		1.45				0.93		(0.87824,0.98743)		12.80		(12.6042,13.0067)		12.36		(12.1657,12.5612)

		all events

				Cardio/ cerebro-vascular admission or death		Cardio/ cerebro-vascular admission		Cardio/ cerebro-vascular admission or death from any cause		All cause mortality

		1993		1.95		1.64		19.45		17.99

		1994		2.82		1.63		22.26		20.73

		1995		2.17		1.71		22.89		21.32

		1996		2.11		1.68		18.14		16.57

		1997		1.77		1.31		10.58		9.33

		1998		1.83		1.44		8.91		7.52

		1999		1.77		1.28		8.07		6.87

		2000				1.27		6.95		5.72

		2001				0.92		5.86		4.98

		1st events

				Cardio/ cerebro-vascular admission or death		Cardio/ cerebro-vascular admission		Cardio/ cerebro-vascular admission or death from any cause		All cause mortality

		1993		1.61		1.35		18.97		17.99

		1994		2.27		1.15		21.26		20.73

		1995		1.50		1.09		21.73		21.32

		1996		1.40		1.08		17.06		16.57

		1997		1.10		0.70		9.58		9.33

		1998		1.16		0.85		7.94		7.52

		1999		1.19		0.77		7.19		6.87

		2000				0.79		6.11		5.72

		2001				0.53		5.13		4.98





raw findings

				1993-2001		run 01/15/02

				Category 1: Any inpat stay or mortality attrib to card or cere		Category 2: Any inpat cardio or cere stay (serious or less serious)		Category 3: any inpat card or cere stay or any mortality		Category 4: Any mortality		Number of patients at risk in the year		Number of patients sampled in the year		Patient-years of follow-up for the year		Incidence rate per 100 yrs. f/u cat 1		95% CI		Incidence rate per 100 yrs. f/u cat 2		95% CI		Incidence rate per 100 yrs. f/u cat 3		95% CI		Incidence rate per 100 yrs. f/u cat 4		95% CI

		1993		246		207		2457		2273		16763		36766		12,633.8		1.947165331		(1.71142,2.20631)		1.6384683882		(1.42285,1.87753)		19.4479073909		(18.6864,20.2324)		17.9914910458		(17.2594,18.7467)

		1994		389		225		3071		2860		18055		36766		13,796.2		2.8196231273		(2.54635,3.11423)		1.630887413		(1.42473,1.85849)		22.2598010897		(21.4794,23.0613)		20.7303911158		(19.9775,21.5044)

		1995		298		234		3138		2922		17717		36766		13,706.9		2.1740843311		(1.93422,2.43547)		1.7071668909		(1.49542,1.94049)		22.8935457419		(22.0995,23.7089)		21.317699381		(20.5517,22.1050)

		1996		283		225		2432		2221		16976		36766		13,403.3		2.1114281984		(1.87257,2.37231)		1.6786973309		(1.46650,1.91297)		18.1448529275		(17.4308,18.8806)		16.570607875		(15.8886,17.2744)

		1997		247		184		1481		1305		16779		36766		13,992.8		1.7651897436		(1.55190,1.99961)		1.3149591612		(1.13182,1.51930)		10.5839919444		(10.0518,11.1371)		9.3262049207		(8.82701,9.84628)

		1998		269		212		1308		1104		17357		36766		14,684.8		1.8318323431		(1.61945,2.06433)		1.4436745603		(1.25587,1.65164)		8.9071996459		(8.43097,9.40332)		7.5180033708		(7.08102,7.97490)

		1999		274		198		1250		1064		18183		36766		15,488.2		1.7690921523		(1.56580,1.99145)		1.2783950589		(1.10652,1.46940)		8.0706758771		(7.62942,8.53080)		6.8697593066		(6.46313,7.29527)

		2000				203		1111		915		18610		36766		15,988.7		0		(1.10099,1.45684)		1.2696490702		(1.10099,1.45684)		6.9486705273		(6.54603,7.36959)		5.7228024595		(5.35796,6.10595)

		2001				76		483		410		17891		36766		8,241.1		0		((0.72660,1.15428)		0.922209225		(0.72660,1.15428)		5.8608823115		(5.34979,6.40764)		4.9750760823		(4.50510,5.48075)

		TOTAL (OR AVERAGE*)		2006		1764		16731		15074		17592.33*		36766		121,935.6		2.0531014318				1.446665*		(1.37993,1.51579)		13.72118*		(13.5140,13.9307)		12.36226*		(12.1657,12.5612)

																1,463,227.1

																39.8

		FIRST EVENTS		(a event is listed here only if it is the first occurrence of an event in that cateogry for that patient in the entire observation period)

		1993		203		171		2396		2273		16763		36766		12,633.8		1.6068071634		(1.39336,1.84370)		1.3535173642		(1.15825,1.57228)		18.9650737113		(18.2132,19.7400)		17.9914910458		(17.2594,18.7467)

		1994		313		158		2933		2860		18055		36766		13,796.2		2.2687456011		(2.02434,2.53453)		1.1452453833		(0.97363,1.33840)		21.2595234764		(20.4970,22.0431)		20.7303911158		(19.9775,21.5044)

		1995		205		150		2978		2922		17717		36766		13,706.9		1.4955949258		(1.29786,1.71494)		1.0943377506		(0.92622,1.28415)		21.7262521413		(20.9529,22.5209)		21.317699381		(20.5517,22.1050)

		1996		187		145		2286		2221		16976		36766		13,403.3		1.3951840039		(1.20237,1.61012)		1.0818271688		(0.91291,1.27294)		17.0555648817		(16.3635,17.7694)		16.570607875		(15.8886,17.2744)

		1997		154		98		1341		1305		16779		36766		13,992.8		1.1005636458		(0.93361,1.28876)		0.7003586837		(0.56859,0.85351)		9.5834795392		(9.07735,10.1105)		9.3262049207		(8.82701,9.84628)

		1998		170		125		1166		1104		17357		36766		14,684.8		1.1576635625		(0.99018,1.34536)		0.8512232077		(0.70855,1.01419)		7.9402100819		(7.49094,8.40938)		7.5180033708		(7.08102,7.97490)

		1999		185		119		1113		1064		18183		36766		15,488.2		1.1944600298		(1.02853,1.37953)		0.7683283435		(0.63650,0.91942)		7.186129801		(6.77010,7.62104)		6.8697593066		(6.46313,7.29527)

		2000				126		977		915		18610		36766		15,988.7		0		(0.65647,0.93828)		0.7880580436		(0.65647,0.93828)		6.1105770524		(5.73337,6.50608)		5.7228024595		(5.35796,6.10595)

		2001				44		423		410		17891		36766		8,241.1		0		(0.38794,0.71675)		0.5339106039		(0.38794,0.71675)		5.1328223971		(4.65527,5.64607)		4.9750760823		(4.50510,5.48075)

		TOTAL (OR AVERAGE*)		1417		1136		15613		15074		17592.33*		36766		121,935.6		1.4502715498				.931639*		(0.87824,0.98743)		12.8043*		(12.6042,13.0067)		12.36226*		(12.1657,12.5612)





exposure

				1993-2001		run 01/22/02

				Total months of exposure to NA		Total months of exposure to NN		Total months of exposure to PI		Total months exposure to at least one of NA, NN , PI		Number of patients at risk in the year		Number of patients sampled in the year		Patient-years of follow-up for the year		Patient months of follow-up for the year		Ratio of months of exposure to NA to total months of observation		Ratio of months of exposure to NN to total months of observation		Ratio of months of exposure to PI to total months of observation		Ratio of months of exposure to at least one of NA, NN, PI to total months of observation

		1993		35,081		0		0		35,081		16763		36766		12633.75		151605		0.2313973814		0		0		0.2313973814

		1994		32,681		0		4		32,682		18055		36766		13796.17		165554		0.1974038682		0		0.0000241613		0.1974099085

		1995		37,944		2		45		37,973		17717		36766		13706.92		164483		0.2306864539		0.0000121593		0.0002735845		0.2308627639

		1996		62,206		75		15,575		64,269		16976		36766		13403.25		160839		0.3867594302		0.0004663048		0.0968359664		0.3995859213

		1997		90,153		4,922		55,436		94,138		16779		36766		13992.83		167914		0.5368998416		0.0293126243		0.3301451934		0.5606322284

		1998		93,665		15,321		72,720		100,691		17357		36766		14684.75		176217		0.531532145		0.0869439384		0.4126730111		0.5714034401

		1999		100,506		30,623		74,530		107,685		18183		36766		15488.17		185858		0.5407676829		0.1647655737		0.4010050684		0.5793939459

		2000		101,892		38,542		69,699		109,818		18610		36766		15988.67		191864		0.5310636701		0.2008818747		0.3632729433		0.5723741817

		2001		55,405		22,683		35,480		59,483		17891		36766		8241.08		98893		0.5602519895		0.2293691161		0.3587716016		0.6014884774

		TOTAL (OR AVERAGE*)		609533		112168		323489		641820		17592.33*		36766		121935.59		1463227		0.4165676276		0.0766579622		0.2210791627		0.4386332401

				Nucleoside analog		Non-nucleoside RT inhibitor		Protease Inhibitor		Any antiretroviral

		1993		23.1397381353		0		0		23.1397381353

		1994		19.7403868224		0		0.0024161301		19.7409908549

		1995		23.0686453919		0.0012159311		0.0273584504		23.0862763933

		1996		38.6759430238		0.0466304814		9.6835966401		39.9585921325

		1997		53.6899841586		2.931262432		33.0145193373		56.0632228403

		1998		53.1532145026		8.694393844		41.2673011117		57.1403440077

		1999		54.0767682855		16.4765573718		40.1005068386		57.9393945916

		2000		53.10636701		20.0881874661		36.3272943335		57.2374181712

		2001		56.0251989524		22.9369116115		35.877160163		60.1488477445

				Any antiretroviral		Non-nucleoside RT inhibitor		Protease Inhibitor		Any antiretroviral		Cardio/ cerebro-vascular admission or death		Cardio/ cerebro-vascular admission

		1993		23.1397381353		0		0		23.1397381353		18.97		1.35

		1994		19.7409908549		0		0.0024161301		19.7409908549		21.26		1.15

		1995		23.0862763933		0.0012159311		0.0273584504		23.0862763933		21.73		1.09

		1996		39.9585921325		0.0466304814		9.6835966401		39.9585921325		17.06		1.08

		1997		56.0632228403		2.931262432		33.0145193373		56.0632228403		9.58		0.70

		1998		57.1403440077		8.694393844		41.2673011117		57.1403440077		7.94		0.85

		1999		57.9393945916		16.4765573718		40.1005068386		57.9393945916		7.19		0.77

		2000		57.2374181712		20.0881874661		36.3272943335		57.2374181712		6.11		0.79

		2001		60.1488477445		22.9369116115		35.877160163		60.1488477445		5.13		0.53
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all events chart
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		1999		1999		1999		1999

		2000		2000		2000		2000

		2001		2001		2001		2001



Cardio/ cerebro-vascular admission or death from any cause

All cause mortality

Cardio/ cerebro-vascular admission or death

Cardio/ cerebro-vascular admission

Events/100 Pt-Yrs

Outcome Figure 1: Event Rates - All Events
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1st event chart
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Cardio/ cerebro-vascular admission or death from any cause

All cause mortality
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Cardio/ cerebro-vascular admission

Events/100 Pt-Yrs

Figure 2.4.2_2: Event Rates - First Events
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drug chart
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Protease Inhibitor
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Years Exposure/100 Pt-Yrs

Outcome Figure 3: Exposure to Antiretrovirals
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summary chart
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Outcme Figure 4: Summary of Event Rates (Left Axis) and Exposure (Right Axis)
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								Incidence rate per 100 patient-years

				Number of patients at risk in the year		Patient-years of follow-up for the year		Inpatient stay or death from cardiovascular or cerebrovascular disease		95% CI		Inpatient stay for any cardiovascular or cerebrovascular disease of interest		95% CI		Inpatient stay for any cardiovascular or cerebrovascular disease or death from any cause		95% CI		All cause mortality		95% CI

		1993		16,763		12,634		1.95		(1.71142,2.20631)		1.64		(1.42285,1.87753)		19.45		(18.6864,20.2324)		17.99		(17.2594,18.7467)

		1994		18,055		13,796		2.82		(2.54635,3.11423)		1.63		(1.42473,1.85849)		22.26		(21.4794,23.0613)		20.73		(19.9775,21.5044)

		1995		17,717		13,707		2.17		(1.93422,2.43547)		1.71		(1.49542,1.94049)		22.89		(22.0995,23.7089)		21.32		(20.5517,22.1050)

		1996		16,976		13,403		2.11		(1.87257,2.37231)		1.68		(1.46650,1.91297)		18.14		(17.4308,18.8806)		16.57		(15.8886,17.2744)

		1997		16,779		13,993		1.77		(1.55190,1.99961)		1.31		(1.13182,1.51930)		10.58		(10.0518,11.1371)		9.33		(8.82701,9.84628)

		1998		17,357		14,685		1.83		(1.61945,2.06433)		1.44		(1.25587,1.65164)		8.91		(8.43097,9.40332)		7.52		(7.08102,7.97490)

		1999		18,183		15,488		1.77		(1.56580,1.99145)		1.28		(1.10652,1.46940)		8.07		(7.62942,8.53080)		6.87		(6.46313,7.29527)

		2000		18,610		15,989				(1.10099,1.45684)		1.27		(1.10099,1.45684)		6.95		(6.54603,7.36959)		5.72		(5.35796,6.10595)

		2001		17,891		8,241				((0.72660,1.15428)		0.92		(0.72660,1.15428)		5.86		(5.34979,6.40764)		4.98		(4.50510,5.48075)

		TOTAL (OR AVERAGE*)		36,766		121,936		2.05				1.45*		(1.37993,1.51579)		13.72*		(13.5140,13.9307)		12.36*		(12.1657,12.5612)

		FIRST EVENTS

		1993		16,763		12,634		1.61		(1.39336,1.84370)		1.35		(1.15825,1.57228)		18.97		(18.2132,19.7400)		17.99		(17.2594,18.7467)

		1994		18,055		13,796		2.27		(2.02434,2.53453)		1.15		(0.97363,1.33840)		21.26		(20.4970,22.0431)		20.73		(19.9775,21.5044)

		1995		17,717		13,707		1.50		(1.29786,1.71494)		1.09		(0.92622,1.28415)		21.73		(20.9529,22.5209)		21.32		(20.5517,22.1050)

		1996		16,976		13,403		1.40		(1.20237,1.61012)		1.08		(0.91291,1.27294)		17.06		(16.3635,17.7694)		16.57		(15.8886,17.2744)

		1997		16,779		13,993		1.10		(0.93361,1.28876)		0.70		(0.56859,0.85351)		9.58		(9.07735,10.1105)		9.33		(8.82701,9.84628)

		1998		17,357		14,685		1.16		(0.99018,1.34536)		0.85		(0.70855,1.01419)		7.94		(7.49094,8.40938)		7.52		(7.08102,7.97490)

		1999		18,183		15,488		1.19		(1.02853,1.37953)		0.77		(0.63650,0.91942)		7.19		(6.77010,7.62104)		6.87		(6.46313,7.29527)

		2000		18,610		15,989						0.79		(0.65647,0.93828)		6.11		(5.73337,6.50608)		5.72		(5.35796,6.10595)

		2001		17,891		8,241						0.53		(0.38794,0.71675)		5.13		(4.65527,5.64607)		4.98		(4.50510,5.48075)

		All		36,766		121,936		1.45				0.93		(0.87824,0.98743)		12.80		(12.6042,13.0067)		12.36		(12.1657,12.5612)

		all events

				Cardio/ cerebro-vascular admission or death		Cardio/ cerebro-vascular admission		Cardio/ cerebro-vascular admission or death from any cause		All cause mortality

		1993		1.95		1.64		19.45		17.99

		1994		2.82		1.63		22.26		20.73

		1995		2.17		1.71		22.89		21.32

		1996		2.11		1.68		18.14		16.57

		1997		1.77		1.31		10.58		9.33

		1998		1.83		1.44		8.91		7.52

		1999		1.77		1.28		8.07		6.87

		2000				1.27		6.95		5.72

		2001				0.92		5.86		4.98

		1st events

				Cardio/ cerebro-vascular admission or death		Cardio/ cerebro-vascular admission		Cardio/ cerebro-vascular admission or death from any cause		All cause mortality

		1993		1.61		1.35		18.97		17.99

		1994		2.27		1.15		21.26		20.73

		1995		1.50		1.09		21.73		21.32

		1996		1.40		1.08		17.06		16.57

		1997		1.10		0.70		9.58		9.33

		1998		1.16		0.85		7.94		7.52

		1999		1.19		0.77		7.19		6.87

		2000				0.79		6.11		5.72

		2001				0.53		5.13		4.98





raw findings

				1993-2001		run 01/15/02

				Category 1: Any inpat stay or mortality attrib to card or cere		Category 2: Any inpat cardio or cere stay (serious or less serious)		Category 3: any inpat card or cere stay or any mortality		Category 4: Any mortality		Number of patients at risk in the year		Number of patients sampled in the year		Patient-years of follow-up for the year		Incidence rate per 100 yrs. f/u cat 1		95% CI		Incidence rate per 100 yrs. f/u cat 2		95% CI		Incidence rate per 100 yrs. f/u cat 3		95% CI		Incidence rate per 100 yrs. f/u cat 4		95% CI

		1993		246		207		2457		2273		16763		36766		12,633.8		1.947165331		(1.71142,2.20631)		1.6384683882		(1.42285,1.87753)		19.4479073909		(18.6864,20.2324)		17.9914910458		(17.2594,18.7467)

		1994		389		225		3071		2860		18055		36766		13,796.2		2.8196231273		(2.54635,3.11423)		1.630887413		(1.42473,1.85849)		22.2598010897		(21.4794,23.0613)		20.7303911158		(19.9775,21.5044)

		1995		298		234		3138		2922		17717		36766		13,706.9		2.1740843311		(1.93422,2.43547)		1.7071668909		(1.49542,1.94049)		22.8935457419		(22.0995,23.7089)		21.317699381		(20.5517,22.1050)

		1996		283		225		2432		2221		16976		36766		13,403.3		2.1114281984		(1.87257,2.37231)		1.6786973309		(1.46650,1.91297)		18.1448529275		(17.4308,18.8806)		16.570607875		(15.8886,17.2744)

		1997		247		184		1481		1305		16779		36766		13,992.8		1.7651897436		(1.55190,1.99961)		1.3149591612		(1.13182,1.51930)		10.5839919444		(10.0518,11.1371)		9.3262049207		(8.82701,9.84628)

		1998		269		212		1308		1104		17357		36766		14,684.8		1.8318323431		(1.61945,2.06433)		1.4436745603		(1.25587,1.65164)		8.9071996459		(8.43097,9.40332)		7.5180033708		(7.08102,7.97490)

		1999		274		198		1250		1064		18183		36766		15,488.2		1.7690921523		(1.56580,1.99145)		1.2783950589		(1.10652,1.46940)		8.0706758771		(7.62942,8.53080)		6.8697593066		(6.46313,7.29527)

		2000				203		1111		915		18610		36766		15,988.7		0		(1.10099,1.45684)		1.2696490702		(1.10099,1.45684)		6.9486705273		(6.54603,7.36959)		5.7228024595		(5.35796,6.10595)

		2001				76		483		410		17891		36766		8,241.1		0		((0.72660,1.15428)		0.922209225		(0.72660,1.15428)		5.8608823115		(5.34979,6.40764)		4.9750760823		(4.50510,5.48075)

		TOTAL (OR AVERAGE*)		2006		1764		16731		15074		17592.33*		36766		121,935.6		2.0531014318				1.446665*		(1.37993,1.51579)		13.72118*		(13.5140,13.9307)		12.36226*		(12.1657,12.5612)

																1,463,227.1

																39.8

		FIRST EVENTS		(a event is listed here only if it is the first occurrence of an event in that cateogry for that patient in the entire observation period)

		1993		203		171		2396		2273		16763		36766		12,633.8		1.6068071634		(1.39336,1.84370)		1.3535173642		(1.15825,1.57228)		18.9650737113		(18.2132,19.7400)		17.9914910458		(17.2594,18.7467)

		1994		313		158		2933		2860		18055		36766		13,796.2		2.2687456011		(2.02434,2.53453)		1.1452453833		(0.97363,1.33840)		21.2595234764		(20.4970,22.0431)		20.7303911158		(19.9775,21.5044)

		1995		205		150		2978		2922		17717		36766		13,706.9		1.4955949258		(1.29786,1.71494)		1.0943377506		(0.92622,1.28415)		21.7262521413		(20.9529,22.5209)		21.317699381		(20.5517,22.1050)

		1996		187		145		2286		2221		16976		36766		13,403.3		1.3951840039		(1.20237,1.61012)		1.0818271688		(0.91291,1.27294)		17.0555648817		(16.3635,17.7694)		16.570607875		(15.8886,17.2744)

		1997		154		98		1341		1305		16779		36766		13,992.8		1.1005636458		(0.93361,1.28876)		0.7003586837		(0.56859,0.85351)		9.5834795392		(9.07735,10.1105)		9.3262049207		(8.82701,9.84628)

		1998		170		125		1166		1104		17357		36766		14,684.8		1.1576635625		(0.99018,1.34536)		0.8512232077		(0.70855,1.01419)		7.9402100819		(7.49094,8.40938)		7.5180033708		(7.08102,7.97490)

		1999		185		119		1113		1064		18183		36766		15,488.2		1.1944600298		(1.02853,1.37953)		0.7683283435		(0.63650,0.91942)		7.186129801		(6.77010,7.62104)		6.8697593066		(6.46313,7.29527)

		2000				126		977		915		18610		36766		15,988.7		0		(0.65647,0.93828)		0.7880580436		(0.65647,0.93828)		6.1105770524		(5.73337,6.50608)		5.7228024595		(5.35796,6.10595)

		2001				44		423		410		17891		36766		8,241.1		0		(0.38794,0.71675)		0.5339106039		(0.38794,0.71675)		5.1328223971		(4.65527,5.64607)		4.9750760823		(4.50510,5.48075)

		TOTAL (OR AVERAGE*)		1417		1136		15613		15074		17592.33*		36766		121,935.6		1.4502715498				.931639*		(0.87824,0.98743)		12.8043*		(12.6042,13.0067)		12.36226*		(12.1657,12.5612)





exposure

				1993-2001		run 01/22/02

				Total months of exposure to NA		Total months of exposure to NN		Total months of exposure to PI		Total months exposure to at least one of NA, NN , PI		Number of patients at risk in the year		Number of patients sampled in the year		Patient-years of follow-up for the year		Patient months of follow-up for the year		Ratio of months of exposure to NA to total months of observation		Ratio of months of exposure to NN to total months of observation		Ratio of months of exposure to PI to total months of observation		Ratio of months of exposure to at least one of NA, NN, PI to total months of observation

		1993		35,081		0		0		35,081		16763		36766		12633.75		151605		0.2313973814		0		0		0.2313973814

		1994		32,681		0		4		32,682		18055		36766		13796.17		165554		0.1974038682		0		0.0000241613		0.1974099085

		1995		37,944		2		45		37,973		17717		36766		13706.92		164483		0.2306864539		0.0000121593		0.0002735845		0.2308627639

		1996		62,206		75		15,575		64,269		16976		36766		13403.25		160839		0.3867594302		0.0004663048		0.0968359664		0.3995859213

		1997		90,153		4,922		55,436		94,138		16779		36766		13992.83		167914		0.5368998416		0.0293126243		0.3301451934		0.5606322284

		1998		93,665		15,321		72,720		100,691		17357		36766		14684.75		176217		0.531532145		0.0869439384		0.4126730111		0.5714034401

		1999		100,506		30,623		74,530		107,685		18183		36766		15488.17		185858		0.5407676829		0.1647655737		0.4010050684		0.5793939459

		2000		101,892		38,542		69,699		109,818		18610		36766		15988.67		191864		0.5310636701		0.2008818747		0.3632729433		0.5723741817

		2001		55,405		22,683		35,480		59,483		17891		36766		8241.08		98893		0.5602519895		0.2293691161		0.3587716016		0.6014884774

		TOTAL (OR AVERAGE*)		609533		112168		323489		641820		17592.33*		36766		121935.59		1463227		0.4165676276		0.0766579622		0.2210791627		0.4386332401

				Nucleoside analog		Non-nucleoside RT inhibitor		Protease Inhibitor		Any antiretroviral

		1993		23.1397381353		0		0		23.1397381353

		1994		19.7403868224		0		0.0024161301		19.7409908549

		1995		23.0686453919		0.0012159311		0.0273584504		23.0862763933

		1996		38.6759430238		0.0466304814		9.6835966401		39.9585921325

		1997		53.6899841586		2.931262432		33.0145193373		56.0632228403

		1998		53.1532145026		8.694393844		41.2673011117		57.1403440077

		1999		54.0767682855		16.4765573718		40.1005068386		57.9393945916

		2000		53.10636701		20.0881874661		36.3272943335		57.2374181712

		2001		56.0251989524		22.9369116115		35.877160163		60.1488477445

				Any antiretroviral		Non-nucleoside RT inhibitor		Protease Inhibitor		Any antiretroviral		Cardio/ cerebro-vascular admission or death		Cardio/ cerebro-vascular admission

		1993		23.1397381353		0		0		23.1397381353		18.97		1.35

		1994		19.7409908549		0		0.0024161301		19.7409908549		21.26		1.15

		1995		23.0862763933		0.0012159311		0.0273584504		23.0862763933		21.73		1.09

		1996		39.9585921325		0.0466304814		9.6835966401		39.9585921325		17.06		1.08

		1997		56.0632228403		2.931262432		33.0145193373		56.0632228403		9.58		0.70

		1998		57.1403440077		8.694393844		41.2673011117		57.1403440077		7.94		0.85

		1999		57.9393945916		16.4765573718		40.1005068386		57.9393945916		7.19		0.77

		2000		57.2374181712		20.0881874661		36.3272943335		57.2374181712		6.11		0.79

		2001		60.1488477445		22.9369116115		35.877160163		60.1488477445		5.13		0.53
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