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Abstract

Objective: We sought to validate a case-finding algorithm for human immunodeficiency virus (HIV) infection using
administrative health databases in Ontario, Canada.

Methods: We constructed 48 case-finding algorithms using combinations of physician billing claims, hospital and
emergency room separations and prescription drug claims. We determined the test characteristics of each algorithm over
various time frames for identifying HIV infection, using data abstracted from the charts of 2,040 randomly selected patients
receiving care at two medical practices in Toronto, Ontario as the reference standard.

Results: With the exception of algorithms using only a single physician claim, the specificity of all algorithms exceeded 99%.
An algorithm consisting of three physician claims over a three year period had a sensitivity and specificity of 96.2% (95% CI
95.2%–97.9%) and 99.6% (95% CI 99.1%–99.8%), respectively. Application of the algorithm to the province of Ontario
identified 12,179 HIV-infected patients in care for the period spanning April 1, 2007 to March 31, 2009.

Conclusions: Case-finding algorithms generated from administrative data can accurately identify adults living with HIV. A
relatively simple ‘‘3 claims in 3 years’’ definition can be used for assembling a population-based cohort and facilitating
future research examining trends in health service use and outcomes among HIV-infected adults in Ontario.
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Introduction

The impact of antiretroviral therapy (ART) on the natural

history of infection with the human immunodeficiency virus (HIV)

has been indisputable [1,2]. Specifically, the marked reductions in

HIV-related morbidity and mortality attributable to the wide-

spread adoption of ART have transformed the disease from one

associated with near universal fatal outcomes to a chronic illness

amenable almost exclusively to outpatient management. In

parallel with this transformation, the epidemiology of HIV-

infection is changing, such that increases in the numbers of

women and individuals from countries with a high HIV

prevalence living with the virus have been reported in several

jurisdictions [3-6]. In this context of change in both the

epidemiology and natural history of HIV infection, accurate

population-based estimates of disease incidence and prevalence

are essential for facilitating ongoing surveillance, health care

planning and research evaluating health service utilization and

outcomes among individuals living with HIV.

Administrative data are one means by which a population based

surveillance system can be assembled. Along with their relative

ease of access, perhaps the most notable strength of administrative

databases lies in the breadth of coverage provided, such that

information describing the health service utilization of an entire

population within a specific geographical area can be accessed in

an efficient and timely manner. However, because administrative

data are not generated specifically for chronic disease surveillance

or undertaking research, and there is no financial incentive

associated with accuracy when physicians provide diagnostic data

for billing, it is important to assess the validity of these data prior to

deploying them for the aforementioned initiatives.

While numerous studies have been performed utilizing

administrative data for health services research in individuals

living with HIV, there has been little preliminary work to validate
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these sources, particularly in the ART era [7-9]. Because of the

risk of misclassification error associated with using administrative

data for population-based research, the validation of these data has

recently been identified as a priority by an international

consortium of health services researchers [10]. We therefore

sought to develop and validate a case-finding algorithm using

administrative data to identify adults living with HIV infection in

Ontario.

Methods

Study Overview
We conducted a retrospective study to validate administrative

data for the detection of HIV infection. We identified HIV-

infected cases and non-cases from the charts of two primary care

clinics, linked these data to five administrative databases, and

finally determined the validity of 48 case-finding algorithms over

various timeframes for the detection of HIV infection.

Primary Care Chart Data
The sampling frame for the collection of primary care chart

data was two family practice clinics located in downtown Toronto

with a prevalence of HIV-infected adults that is higher than that

found in the general population of Ontario. Because HIV primary

care in Ontario is largely clustered within a few clinics, we

purposively selected these sample sites to ensure that an adequate

number of HIV-infected patients would be included in the

validation sample. Within each practice, we generated a random

sample of adult patients (.18 years) using either the electronic

billing system or the electronic medical record of each site,

according to the following inclusion criteria: over the age of 18

years, has a valid Ontario Health Insurance Plan (OHIP) card

number, first visited the participating physician at least 3 years

before the date of chart abstraction, and seen on at least 2

occasions or for 1 complete physical examination during the 3 year

period spanning April 1, 2005 to March 31, 2008.

We trained two chart reviewers to extract data from patient

medical records through discussion and review of 25 charts with at

least one investigator. The chart abstractors subsequently reviewed

the laboratory results and medication profiles of each chart from

the period spanning April 1, 2005 to March 31, 2008, and entered

data directly into a password protected database stored on a secure

server. Variables that were collected during the chart abstraction

included patient date of birth, OHIP number, sex, postal code and

laboratory evidence of HIV infection. We assigned all individuals a

unique study identifier, and maintained separate files for the

storage of personal identifiers and HIV-related information. We

classified individuals as having a diagnosis of HIV infection if one

of the following criteria were met during the study interval:

positive HIV antibody test, detectable HIV RNA viral load, or

undetectable HIV RNA viral load while receiving antiretroviral

therapy for more than one month. We assessed inter- and intra-

rater reliability for the designation of ‘HIV infection’ based on a

reabstraction of a random sample of 10% of the charts. Intra-rater

reliability was assessed by randomly reinserting a sample of charts

for duplicate abstraction, while inter-rater reliability was calculat-

ed at the end of the chart abstraction by the principal investigator.

In both instances, agreement was expressed as a kappa statistic.

Given the low prevalence of HIV infection in the province of

Ontario, we based our sample size calculation on the need for an

algorithm that maximizes specificity. Using the binomial distribu-

tion, we determined that approximately 1,567 HIV-negative

controls would be required to generate an algorithm with 99%

specificity and a lower 95% confidence limit .0.98, with 0.95

probability. Because the HIV prevalence at both clinics was

approximately 20%, we planned to review the charts of 2000

randomly selected patients (1000 per site) to secure the required

number of HIV-negative controls.

Sources of administrative data
We used the administrative databases available at the Institute

for Clinical Evaluative Sciences (ICES) through a data sharing

agreement with the Ontario Ministry of Health and Long Term

Care. OHIP numbers were encrypted and converted into unique

identifiers that are common among the various databases and

which were used to link the chart data with administrative data for

the period April 1, 2005 to March 31, 2008. The linked

administrative data included: 1) physician billing information

from the Ontario Health Insurance Plan (OHIP); 2) acute care

hospitalization records from the Canadian Institute for Health

Information Discharge Abstract Database (DAD); 3) records

regarding hospital emergency department visits from the Cana-

dian Institute for Health Information National Ambulatory Care

Reporting System (NACRS); 4) computerized pharmacy records

of the Ontario Drug Benefit program (ODB); and 5) basic

demographic information and vital statistics from the Registered

Persons Database (RPDB).

The OHIP is a provincially funded program which reimburses

physicians for the provision of medically necessary procedural,

diagnostic and laboratory services to all permanent residents of the

province of Ontario. Consequently, the OHIP database contains

administrative data generated from all inpatient and outpatient

physician billings. In order to receive payment for services

rendered, physicians must submit the name, date of birth and

OHIP card number of the individual patient seen, the service

provided (i.e. a service code), and a single diagnosis code on each

claim. For OHIP claims, the diagnosis code is a truncated three-

digit version of the corresponding ICD-9 code, and service codes

are four-digit, alphanumeric codes that describe the specific

service that has been provided. Since service codes are more

directly connected to physician reimbursement and are subject to

audit by OHIP, these codes may be more accurately coded than

the diagnostic code. Approximately ninety-four percent of Ontario

physicians submit claims data to OHIP [11]. For this study, we

used the OHIP database to identify physician claims for an HIV-

related visit.

The DAD contains information abstracted from all acute care

hospital separations (i.e. discharge, sign-out, transfer to different

facility, death) and day surgeries in the province of Ontario.

Variables abstracted from patient charts and thereby included in

the database are the patient OHIP number, dates of admission

and discharge from the hospital, the diagnosis representing the

condition that is accountable for the greatest portion of the length

of stay or greatest use of resources (i.e. the most responsible

diagnosis) and up to twenty-four additional secondary diagnoses

and/or complications. As HIV infection may not be classified as

the most responsible diagnosis accounting for a given admission,

we examined all diagnosis fields in the DAD for evidence of HIV-

related hospitalization. Similarly, we searched all ten diagnostic

fields in the NACRS database for emergency room visits

attributable to HIV infection. In the case of both the DAD and

NACRS, abstraction of patient charts is undertaken by trained

health information professionals using standard diagnosis and

procedure codes.

We used the prescription drug records of the ODB to identify

claims for antiretroviral medications. The ODB provides drug

coverage for eligible groups of Ontarians, including those over the

age of 65, recipients of social assistance, and individuals who have
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high prescription drug costs in relation to their income. Drugs

which are covered by the ODB program are listed in a provincial

drug formulary by their unique drug identification numbers

(DINs), which delineate the exact strength and dosage form of a

given medication dispensed. With the exception of maraviroc and

enfuvirtide, all antiretrovirals are covered without restriction in the

province of Ontario. Since lamivudine, emtricitabine and

tenofovir can also be used for the management of non-HIV

associated chronic hepatitis B infection, we excluded prescription

claims for these drugs from our algorithms.

The Ontario RPDB is an electronic registry of all individuals

who are eligible for provincial health insurance for a given year.

We used the RPDB to identify demographic information such as

age, sex and postal code.

Algorithm Development and Testing
We determined the sensitivity, specificity, kappa statistic and

area under the Receiver Operating Characteristic (ROC) curve of

48 case-finding algorithms (combinations of physician billing

codes, hospitalizations, emergency department visits and prescrip-

tion claims, over various time frames) using the chart audit as the

reference standard (see Table S1, which provides full list of

algorithms). We defined sensitivity as the proportion of individuals

with evidence of HIV infection in their chart that were identified

as having HIV in the administrative data, and specificity as the

proportion of individuals without evidence of HIV infection in

their chart identified as not having HIV using administrative data.

We used the kappa statistic to assess agreement between the two

data sources, and the area under the ROC curve as a global

measure of algorithm performance. A test that accurately

discriminates between HIV infected and non-infected patients

would have a sensitivity and specificity approximating 100%, and

a kappa statistic and an area under the ROC of close to 1.0.

We identified patients with HIV infection in the administrative

databases using the relevant ICD-9 (042, 043, 044) and ICD-10

(B20 – B24) codes, and used both single and multiple years of data

based on previous research which has shown that algorithm

sensitivity can be enhanced as the observation period is extended

[12,13]. We calculated 95% confidence intervals (CI) using a

binomial probability distribution, and selected the algorithm with

the highest specificity while maximizing sensitivity over the

shortest interval of time. We applied this algorithm to the

population of Ontario to determine the number and basic

demographic characteristics of HIV infected patients in care in

the province. All statistical analyses were performed using SAS

version 9.2 (SAS Institute, Cary, North Carolina).

We obtained ethics approval from the Institutional Review

Boards of all participating centers (i.e. Sunnybrook Health

Sciences Centre, St. Michael’s Hospital and Women’s College

Hospital). Specifically, we obtained approval from the Research

Ethics Board (REB) of Sunnybrook Health Sciences Centre to

access the administrative databases at ICES, and from the REBs of

St. Michael’s Hospital and Women’s College Hospital for the

chart abstraction portion of the study. Informed consent was

waived by the REBs of the chart abstraction sites (St. Michael’s

Hospital and Women’s College Hospital) due to the retrospective

nature of the data collection.

Results

We abstracted data from the charts of 2040 patients, of whom

471 (23.1%) had a diagnosis of HIV infection. The mean age of

patients in our validation cohort was 47.5 years (standard

deviation = 12.2), and 28.9% were women. The kappa statistics

for inter- and intra-rater reliability were 0.98 (95% CI 0.94 – 1.0)

and 1.00, respectively.

Overall, the agreement between the primary care chart review

and administrative data exceeded 90% for all case-finding

algorithms. With the exception of definitions based on only a

single physician claim, the specificity of all algorithms exceeded

99%. Extension of the observation period beyond one-year

increased the sensitivity and area under the ROC curve of the

case-finding algorithms, with negligible detrimental effects on

specificity. The case finding algorithms with the highest specific-

ities while maximizing sensitivity are summarized in Table 1.

Three physician claims over a three year period accurately

detected a diagnosis of HIV infection with a sensitivity and

specificity of 96.2% (95% CI 95.2% - 97.9%) and 99.6% (95% CI

99.1% - 99.8%), respectively. Additional physician claims

increased the specificity slightly to 99.7%, but were associated

with reductions in algorithm sensitivity. The inclusion of hospital

separations, emergency room visits, HIV service codes or

prescription drug claims did not appreciably augment the

sensitivity or specificity of algorithms based solely on physician

claims data.

Application of the three claims in three years algorithm to the

province of Ontario identified 12,179 HIV-infected patients in

care for the fiscal period spanning April 1, 2007 to March 31,

2009 (Table 2). As expected, the majority (81.2%) of HIV-infected

patients in Ontario were men.

Discussion

Our study demonstrates that administrative data can detect

HIV-infected individuals who receive regular primary care with a

high degree of sensitivity and specificity. Of the 48 algorithms

examined over multiple periods of observation, the ‘3 claim within

3 consecutive years’ rule was selected as the preferred case

definition when using administrative data for defining HIV-

infection in Ontario. The very high specificity of the algorithm

indicates that individuals without HIV-infection are unlikely to be

misclassified as such, an important consideration when utilizing

administrative data for the surveillance of a low prevalence illness

in the population of interest. The demographic profile of the

individuals identified as being HIV-positive when the algorithm

was applied to the provincial population supports the latter point.

That is, the distribution of HIV-infection by sex, age and region is

reasonably consistent with provincial public health estimates [3].

Because HIV-associated hospitalizations have declined with the

availability of potent antiretroviral therapies, it was not surprising

that hospital admissions did not augment the validity of claims

based case-definitions. Similarly, as patients comprising our

validation cohort were by definition required to be ‘in care’ to

be eligible for inclusion in the study, the finding that prescriptions

for antiretrovirals did not enhance the validity of algorithms based

solely on physician claims was not unexpected. Our preferred case

definition for HIV infection compares favourably with those used

for the surveillance of other chronic diseases in Ontario, and can

be used to facilitate the execution of research examining the

utilization and quality of health care for HIV-infected patients in

the province [14-18].

Our findings extend those of earlier studies examining the

validity of administrative data for the detection of HIV-infection

[19-25]. Notably, we considered a broad array of permutations

when constructing case-finding algorithms from our administrative

databases when compared with earlier studies. To our knowledge,

this study therefore represents the most comprehensive effort to

determine the accuracy of administrative data for detecting HIV-
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infection in the ART era. Furthermore, we considered the

importance of varying the timeframe when examining the validity

of our algorithms. Previous validation research with other chronic

diseases has indicated that errors in estimates of population

prevalence can be decreased with the use of case-finding

algorithms of sufficient duration to generate an adequate number

of health care visits [12,13]. By varying our timeframe over three

years, we were able to increase the sensitivity of our algorithms. In

addition, the specificity of HIV case-definitions derived from

administrative data could not be determined in some previously

published validation studies due to the lack of HIV-negative

controls [24,25]. However, ascertaining the specificity of case

finding algorithms for diseases of low prevalence is critical in order

to minimize the risk of falsely classifying healthy individuals as

being HIV-infected. For example, if there are 5,000 HIV-infected

patients in a population of 1,000,000 individuals, even a slight 1%

decrease in the specificity of a case finding algorithm could falsely

classify approximately 10,000 additional healthy individuals as

being HIV-positive. In contrast, a 1% decrease in sensitivity would

fail to identify merely 50 individuals who are truly HIV-infected.

For this reason, we placed greater emphasis on maximizing the

specificity of our algorithms relative to their sensitivity.

Several limitations of our work merit emphasis. As the

prevalence of HIV infection in our administrative databases is

less than that of our validation cohort, we elected to not report

positive (PPV) and negative predictive values (NPV) for our

algorithms. Because these indices of validity are dependent on the

prevalence of the disease in the population of interest, the PPV of

our algorithms would be expected to be much lower when applied

to the population of Ontario relative to patients in our high-

prevalence validation cohort [26]. However, this limitation is not

unique to our study. A recent review of validation studies found

that the prevalence of disease was similar in the validation cohort

and administrative data in only 34% of studies reporting PPV and

NPV [27]. In addition, our analysis was based on a review of the

charts at two sites where there is extensive HIV-related clinical

experience, and can therefore not be considered a true population-

based sample. It is therefore possible that physician billing and

coding practices at these clinics may not be representative of those

in clinics with less familiarity with HIV disease, and that estimates

of algorithm sensitivity and specificity derived in our study would

not be applicable at centers with a lower prevalence of HIV

infection. However, the dependence of sensitivity and specificity

Table 1. Validity of selected administrative data case-finding algorithms for HIV infection compared with chart data.

Case Definition 2 year observation period 3 year observation period

Specificity (%) Sensitivity (%) Kappa
Area under
ROC Specificity (%) Sensitivity (%) Kappa

Area Under
ROC

2 physician claims 99.4% (98.8% -
99.7%)

93.2% (90.5% -
95.3%)

0.94 (0.92 – 0.96) 0.963 99.2% (98.6% -
99.6%)

97.9% (96.1% -
99.0%)

0.97 (0.96 – 0.98) 0.985

2 physician claims or 1
discharge

99.4% (98.8% -
99.7%)

93.2% (90.5% -
95.3%)

0.94 (0.92 – 0.96) 0.963 99.1% (98.5% -
99.5%)

97.9% (96.1% -
99.0%)

0.97 (0.95 – 0.98) 0.985

2 physician claims or 1
emergency room visit

99.4% (98.8% -
99.7%)

93.2% (90.5% -
95.3%)

0.94 (0.92 – 0.96) 0.963 99.2% (98.6% -
99.6%)

97.9% (96.1% -
99.0%)

0.97 (0.96 – 0.98) 0.985

2 physician claims
or .1 Rx

99.4% (98.8% -
99.7%)

93.4% (90.8% -
95.5%)

0.94 (0.92 – 0.96) 0.964 99.2% (98.6% -
99.6%)

97.9% (96.1% -
99%)

0.97 (0.96 – 0.98) 0.985

3 physician claims 99.7% (99.3% -
99.9%)

90.7% (87.7% -
93.1%)

0.93 (0.91 – 0.95) 0.952 99.6% (99.1% –
99.8%)

96.2% (94.0% -
97.7%)

0.97 (0.95 – 0.98) 0.979

3 physician claims or 1
discharge

99.7% (99.3% -
99.9%)

90.7% (87.7% -
93.1%)

0.93 (0.91 – 0.95) 0.952 99.5% (99.0 –
99.8%)

96.2% (94.0% -
97.7%)

0.96 (0.95 – 0.98) 0.978

3 physician claims or 1
emergency room visit

99.7% (99.3% -
99.9%)

90.7% (87.7% -
93.1%)

0.93 (0.91 – 0.95) 0.952 99.6% (99.1% –
99.8%)

96.2% (94.0% -
97.7%)

0.97 (0.95 – 0.98) 0.979

3 physician claims
or .1 Rx

99.7% (99.3% -
99.9%)

91.5% (88.6% -
93.7%)

0.94 (0.92 – 0.95) 0.963 99.6% (99.1% –
99.8%)

96.4% (94.3% -
97.9%)

0.97 (0.95 – 0.98) 0.980

Rx, prescription claim for antiretroviral.
doi:10.1371/journal.pone.0021748.t001

Table 2. Demographic characteristics of HIV-infected patients
in Ontario, April 1, 2007 to March 31, 2009.

Number Percent

Overall 12,179 100.0

Age

18 – 35 2,739 22.5

36 – 50 6,804 55.9

50 – 66 2,309 19.0

66 + 327 2.7

Sex

Female 2,284 18.8

Male 9,895 81.2

Rural residence

Yes 459 3.8

No 11,615 95.4

Unknown 105 0.9

Income Quintile, No. (%)

1 (lowest) 4,021 33.0

2 2,504 20.6

3 1,973 16.2

4 1,726 14.2

5 1,763 14.5

Missing 192 1.6

doi:10.1371/journal.pone.0021748.t002
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on prevalence is mitigated in the context of a binary outcome with

a homogenous probability of misclassification [28]. As our

algorithm was validated for discriminating HIV infection status

based on criteria for which there are no competing diagnoses, it is

possible that our estimates of sensitivity and specificity would be

stable for sites with a lower prevalence of HIV infection. Further

research is warranted to verify this hypothesis. Furthermore, our

validation cohort was comprised of patients who regularly accessed

primary care services, and the validity of our case-finding

algorithm among patients who use health services less frequently

is unknown. Therefore, estimates of the provincial prevalence of

HIV infection would likely be below the ‘true’ prevalence when

the algorithm is applied to the population of Ontario. Finally,

while our findings provide insight into the validity of administra-

tive data for the case ascertainment of HIV-infection in Ontario,

they may not be applicable in other jurisdictions. Most notably,

our methodology and findings are likely not transferable to

resource poor countries with a high prevalence of HIV infection

lacking in the capacity to collect and/or link administrative data.

However, this limitation applies equally to all studies validating

administrative data for chronic disease surveillance.

In conclusion, we have demonstrated the validity of a relatively

simple ‘3 claim in 3 years’ case finding algorithm for the

identification of patients with HIV-infection in Ontario’s health

administrative databases. The findings of our study represent the

initial stage in establishing a population-based surveillance

program that will ultimately render it possible to examine trends

in health services utilization and quality of care among HIV-

positive individuals in Ontario. Such research can have consid-

erable implications for both health policy and in improving the

health of HIV-positive patients in the province.

Supporting Information

Table S1 List of algorithms

(DOC)

Acknowledgments

We thank Kamyab Ghatan and Molly Gamble for their assistance with

data collection. We thank Ina Sandler and Jane Polsky for their assistance

with generating the validation cohort at the participating sites. We thank

Brogan Inc., Ottawa for use of their Drug Product and Therapeutic Class

Database.

Author Contributions

Conceived and designed the experiments: TA ML CS RG. Analyzed the

data: TA BZ RG. Wrote the paper: TA. Critical revision of manuscript:

BZ ML CS RG. Supervision of study: TA ML CS RG. Acquisition of data:

TA BZ. Final approval of manuscript: TA BZ ML CS RG.

References

1. Palella FJ, Jr., Delaney KM, Moorman AC, Loveless MO, Fuhrer J, et al. (1998)

Declining morbidity and mortality among patients with advanced human

immunodeficiency virus infection. N Engl J Med 338: 853–60.

2. Mocroft A, Ledergerber B, Katlama C, Kirk O, Reiss P, et al. (2003) Decline in

the AIDS and death rates in the EuroSIDA study: an observational study.

Lancet 362: 22–29.

3. Remis RS, Swantee C, Schiedel L, Liu J (2009) Report on HIV/AIDS in

Ontario 2007. Ontario Ministry of Health and Long-Term Care. pp 1–217.

4. Lot F, Semaille C, Cazein F, Barin F, Pinget R, et al. (2004) Preliminary results

from the new HIV surveillance system in France. Euro Surveill 9: 34–7.

5. Nikolopoulos G, Arvanitis M, Masgala A, Paraskeva D (2005) Migration and

HIV epidemic in Greece. Eur J Public Health 15: 296–9.

6. Rice BD, Sinka K, Patel B, Chadborn TR, Delpech VC (2007) The changing

epidemiology of diagnosed prevalent HIV infections in England: greatest impact

on the London environs. Epidemiol Infect 135: 151–8.

7. Krentz HB, Dean S, Gill MJ (2006) Longitudinal assessment (1995-2003) of

hospitalizations of HIV-infected patients within a geographical population in

Canada. HIV Med 7: 457–66.

8. Fleishman JA, Hellinger FH (2003) Recent trends in HIV-related inpatient

admissions 1996-2000: a 7-state study. J Acquir Immune Defic Syndr 34:

102–10.

9. Mrus JM, Braun L, Yi MS, Linde-Zwirble WT, Johnston JA (2005) Impact of

HIV/AIDS on care and outcome of severe sepsis. Crit Care 9: R623–30.

10. De Coster C, Quan H, Finlayson A, Gao M, Halfon P, et al. (2006) Identifying

priorities in methodological research using ICD-9-CM and ICD-10 adminis-

trative data: report from an international consortium. BMC Health Serv Res 6:

77.

11. Wang L, Nie JX, Upshur REG (2009) Determining use of preventive health in

Ontario: comparison of rates of 3 maneuvers in administrative and survey data.

Can Fam Physician 55: 178–179.e5.

12. Robinson JR, Young TK, Roos LL, Gelskey DE (1997) Estimating the burden of

disease. Comparing administrative data and self-reports. Med Care 35: 932–47.

13. Hoogenveen R, Westert G, Dijkgraaf M, Schellevis F, de Bakker D (2002)

Disease prevalence estimations based on contact registrations in general practice.

Stat Med 21: 2271–85.

14. Hux JE, Ivis F, Flintoft V, Bica A (2002) Diabetes in Ontario: determination of

prevalence and incidence using a validated administrative data algorithm.

Diabetes Care 25: 512–6.

15. Gershon AS, Wang C, Guan J, Vaslilevska-Ristovska J, Cicutto L, et al. (2009)

Identifying patients with physician-diagnosed asthma in health administrative
databases. Can Respir J 16: 183–8.

16. Tu K, Campbell NRC, Chen ZL, Cauch-Dudek KJ, McAlister FA (2007)
Accuracy of administrative databases in identifying patients with hypertension.

Open Med 1: E18–E26.
17. Austin PC, Daly PA, Tu JV (2002) A multicenter study of the coding accuracy of

hospital discharge administrative data for patients admitted to cardiac care units

in Ontario. Am Heart J 144: 290–6.
18. Steele LS, Glazier RH, Lin E, Evans M (2004) Using administrative data to

measure ambulatory mental health service provision in primary care. Med Care
42: 960–5.

19. Keyes M, Andrews R, Mason ML (1991) Methodology for building an AIDS

research file using Medicaid claims and administrative data bases. J Acquir
Immun Defic Syndr 4: 1015–24.

20. Rosenblum L, Buehler JW, Morgan MW, Costa S, Hidalgo J, et al. (1993) HIV
infection in hospitalized patients and Medicaid enrollees: the accuracy of

medical record coding. Am J Public Health 83: 1457–9.
21. Fanning TR, Turner B, Cosler L, Oetjen-Gerdes L, Markson LE, et al. (1995)

Quality of Medicaid data for HIV-AIDS research: examination of a statewide

data-base. AIDS Public Pol J 10: 39–47.
22. Payne SMC, Seage GR 3rd, Oddleifson S, Gallagher K, vanBeuzekom M, et al.

(1995) Using administratively collected hospital discharge data for AIDS
surveillance. Ann Epidemiol 5: 337–46.

23. Fultz SL, Skanderson M, Mole LA, Gandhi N, Bryant K, et al. (2006)

Development and verification of a ‘‘virtual’’ cohort using the national VA health
information system. Med Care 44: S25–S30.

24. Walkup JT, Wei W, Sambamoorthi U, Crystal S (2004) Sensitivity of an AIDS
case-finding algorithm: who are we missing? Med Care 42: 756–63.

25. Mrus JM, Shireman TI, Moomaw CJ, Tsevat J (2001) Development of an HIV

research database using Medicaid claims data. AIDS & Public Policy 16: 48–54.
26. Altman DG, Bland JM (1994) Diagnostic tests 2: predictive values. BMJ 309:

102.
27. Benchimol EI, Manuel DG, To T, Griffiths AM, Rabeneck L, et al. (2010)

Development and use of reporting guidelines for assessing the quality of
validation studies of health administrative data. J Clin Epid;doi:10.1016/

j.jclinepi.2010.10.006.

28. Brenner H, Gefeller O (2007) Variation of sensitivity, specificity, likelihood ratios
and predictive values with disease prevalence. Stat Med 16: 981–91.

Validation of an HIV Case-Finding Algorithm

PLoS ONE | www.plosone.org 5 June 2011 | Volume 6 | Issue 6 | e21748


