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Abstract—The Department of Veterans Affairs (VA) has made 
treatment and care of Operation Iraqi Freedom/Operation Endur-
ing Freedom (OIF/OEF) veterans a priority. Researchers face 
challenges identifying the OIF/OEF population because until fis-
cal year 2008, no indicator of OIF/OEF service was present in 
the Veterans Health Administration (VHA) administrative data-
bases typically used for research. In this article, we compare an 
algorithm we developed to identify OIF/OEF veterans using the 
Austin Information Technology Center administrative data with 
the VHA Support Service Center OIF/OEF Roster and veterans’ 
self-report of military service. We drew data from two different 
institutional review board-approved funded studies. The positive 
predictive value of our algorithm compared with the VHA Sup-
port Service Center OIF/OEF Roster and self-report was 92% 
and 98%, respectively. However, this method of identifying OIF/
OEF veterans failed to identify a large proportion of OIF/OEF 
veterans listed in the VHA Support Service Center OIF/OEF 
Roster. Demographic, diagnostic, and VA service use differences 
were found between veterans identified using our method and 
those we failed to identify but who were in the VHA Support 
Service Center OIF/OEF Roster. Therefore, depending on the 
research objective, this method may not be a viable alternative to 
the VHA Support Service Center OIF/OEF Roster for identify-
ing OIF/OEF veterans.
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INTRODUCTION

More than 2 million servicemembers have served in 
Operation Iraqi Freedom (OIF) and Operation Enduring 
Freedom (OEF) and nearly 1.2 million have been dis-
charged as veterans. Veterans from these conflicts have 
experienced multiple deployments and unique combat 
environments [1–3], along with high rates of psychiatric 
disturbance and physical injury [4–7]. Recognizing the 
importance of the healthcare needs and demands of OIF/
OEF veterans, the Veterans Health Administration (VHA) 
has solicited research focused on them [8–9].

The Department of Veterans Affairs (VA) health ser-
vices use SAS data sets found in the Austin Information 
Technology Center (AITC) contain national VHA-provided 
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healthcare information on veterans, which researchers use 
to identify patient populations [10–11]. Using these data 
sets, VA researchers can identify periods of service (POS) 
for veterans who have served from the Spanish-American 
War to the gulf war. However, VA researchers cannot 
search the VA health services use SAS data sets by POS to 
identify OIF/OEF veterans because Congress has not desig-
nated OIF/OEF as a POS. Other methods are therefore 
needed to identify this priority group.

The VHA Support Service Center OIF/OEF Roster is 
arguably the gold standard for identification of OIF/OEF 
veterans [12–14]. The OIF/OEF Roster is cataloged by 
the Department of Defense’s Defense Manpower Data 
Center (DMDC) and has been provided to VHA’s Envi-
ronmental Epidemiology Service (EES) since September 
2003. This comprehensive database includes identifying 
information on VA-registered OIF/OEF veterans with 
military discharges starting October 1, 2001, who were 
(1) physically located within the OIF/OEF combat zones 
or areas of operation or (2) identified by their service 
branch as directly supporting the OIF/OEF mission out-
side designated combat zones.* This data set is not avail-
able to researchers without funded studies. Furthermore, 
the approval process, although appropriate given the need 
to ensure veteran privacy and data security, can take sev-
eral months. Another method for identifying OIF/OEF 
veterans is self-reported POS on surveys or during inter-
views. This method, however, cannot be used for selec-
tion of OIF/OEF veterans before data collection.

In this article, we describe results from two studies 
that compare an algorithm we developed to identify OIF/
OEF VA users that makes use of variables available in 
the Outpatient Visit (SF) file of the VA health services 
use database. We compared this OIF/OEF Algorithm 
with the OIF/OEF Roster (study 1) and then with veter-
ans’ self-report surveys (study 2). We describe the posi-
tive predictive value (PPV) and sensitivity of our OIF/
OEF Algorithm and also present differences between 
veterans we identified using our OIF/OEF Algorithm 
against those we failed to identify according to the OIF/
OEF Roster and self-report survey. Findings will help 
investigators determine the most appropriate approach 
for identifying OIF/OEF veterans for their research.

METHODS

Samples and Study Design
Study 1 included two samples: (1) a national sample of 

OIF/OEF veterans who used VA healthcare from fiscal year 
(FY) 2004 to FY2007 selected on the basis of the OIF/OEF 
Algorithm (outlined in the Figure) for a study examining 
OIF/OEF veteran reintegration problems and treatment 
interests and (2) OIF/OEF veterans included in the OIF/
OEF Roster with military discharges through December 
2007 who had VA health services use data from FY2004 to 
FY2007. Study 2 included a sample of veterans who had at 
least one diagnosis of posttraumatic stress disorder (PTSD) 
in VA health services use data during FY2008 or FY2009 
for a study of PTSD treatment participation. In study 2, 
we compared those who self-reported OIF/OEF POS on 
the completed survey with those we identified as OIF/OEF 
veterans using the OIF/OEF Algorithm.

Measures
For study 1, we used VA health services use data to 

obtain demographic information and health services use 
information, including psychiatric diagnoses and use of a 
VA facility in the past 2 years. For study 2, we obtained age 
from VA health services use data. We used the self-report 
survey for all other demographic information and POS. The 
survey included a question about which conflicts the survey 
recipient served in. We classified survey respondents who 
indicated they had participated in OEF (2001–present), OIF 
(2003–present), or the Global War on Terrorism (2004–
present) as self-reported OIF/OEF veterans.

OIF/OEF Algorithm Based on VA Health Services 
Use Data: Design and Data Source

OIF/OEF veterans are, by definition, combat veter-
ans discharged after October 1, 2001, and eligible for VA 
services. Before the National Defense Authorization Act 
of 2008 was enacted on January 28, 2008, the VA granted 
OIF/OEF combat veterans discharged or released from 
Active Duty on or after January 28, 2003, eligibility to 
enroll for VA healthcare for 2 years from the date of dis-
charge or release. That end date has subsequently been 
expanded to 5 years [15].

To identify OIF/OEF veterans, we restricted the fol-
lowing three variables in the SF file: (1) combat eligibility 
flag, (2) end date of VA healthcare eligibility, and (3) POS. 
It should be noted that the variable indicating the end date
of VA healthcare eligibility will exist only if the combat 

*Access to the OIF/OEF Roster description is provided on a Web site 
restricted to VA employees. Please contact the corresponding author 
for an electronic copy.
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eligibility flag occurs in a veteran’s record. We defined 
the end date of VA healthcare eligibility differently in 
study 1 and study 2. Because the researchers prioritized 
surveying OIF veterans who would have been discharged 
after October 2003, we specified selection of those veter-
ans with an eligibility end date after October 1, 2005, for 
study 1. For study 2, we used an earlier VA eligibility end 
date (October 1, 2003) to encompass a larger proportion of 
OEF veterans, since the war began in 2001. The Figure
depicts the OIF/OEF Algorithm.

Statistical Analysis
The gold standards were the OIF/OEF Roster and 

self-report survey for study 1 and study 2, respectively. 

We performed analyses with SAS 9.1 software (SAS 
Incorporation Inc; Cary, North Carolina).

For studies 1 and 2, we calculated sensitivity and 
PPV. For study 2, we also calculated specificity and nega-
tive predictive value (NPV). However, given that the 
OIF/OEF Roster only includes OIF/OEF veterans, we 
were unable to calculate specificity or NPV for study 1. 
To compare demographic characteristics for study 1 and 
study 2, we used Pearson chi-square tests for categorical 
variables and two-sample t-tests for continuous variables. 
For study 1, we also used the nonparametric Wilcoxon 
rank-sum test for number of visits because of the signifi-
cant positive skew in its distribution.

Figure.
Flowcharts for obtaining Operation Iraqi Freedom/Operation Enduring Freedom (OIF/OEF) veteran status using Department of Veterans Affairs 
health services use data compared with Veterans Health Administration (VHA) Support Service Center OIF/OEF Roster and self-reported survey 
data. *Indicates whether veteran served Active Duty in theater of combat operations during period of war, after gulf war, or in combat against 
hostile force during period of “hostilities” after November 11, 1998. AITC = Austin Information Technology Center, FY = fiscal year, POS = 
period of service, SF = outpatient visit, X = served in gulf war, 1 = served in time of conflict, 9 = served in other or none.
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RESULTS

Study 1: OIF/OEF Algorithm Versus VHA Support 
Service Center OIF/OEF Roster

Of the 181,612 potential OIF/OEF veterans we identi-
fied using of OIF/OEF Algorithm, we confirmed 92 percent 
(PPV, n = 167,110) as OIF/OEF when compared with the 
OIF/OEF Roster. However, our OIF/OEF Algorithm failed 
to identify 119,758 OIF/OEF veterans. The sensitivity was 
58 percent (167,110/286,868) and the false negative rate 
was 42 percent. There were differences between those OIF/
OEF veterans identified using our OIF/OEF Algorithm and 
those OIF/OEF veterans we failed to identify (Table 1). The 
small differences in age and sex reached statistical signifi-
cance because of the large sample size. The differences in 
rate of psychiatric diagnoses and healthcare use, however, 
appear meaningful.

We failed to identify most (n = 88,974, 74%) of the 
119,758 OIF/OEF veterans using our OIF/OEF Algorithm 
because they were not classified as “combat” veterans in 
the SF file. The remaining 30,784 (26%) did not have a 
VA healthcare eligibility date or POS that fit our 
restrictions.

Study 2: OIF/OEF Algorithm Versus OIF/OEF Veteran 
Self-Report

Of the 7,952 veterans surveyed, 5,207 returned study 
material for a response rate of 65.5 percent. Among the 
4,563 who self-reported a POS on the survey, 1,229 of 
those we identified using the OIF/OEF Algorithm also 
self-reported OIF/OEF POS. However, of the 4,563 veter-
ans that self-reported POS, we failed to identify 331 
(7.3%) OIF/OEF veterans and misidentified 24 (0.5%). 
Our OIF/OEF Algorithm had a PPV of 0.98, NPV of 
0.90, sensitivity of 0.79, and specificity of 0.99 (Table 2). 
Thus, assigning OIF/OEF veteran status using our OIF/
OEF Algorithm had a higher false negative rate (21%) 
than a false positive rate (1%), as detailed in Table 2.

Table 3 presents differences between those we iden-
tified and failed to identify using our OIF/OEF Algo-
rithm. OIF/OEF veterans not identified using our OIF/
OEF Algorithm were more likely than the identified OIF/
OEF veterans to report having served in Afghanistan or 
the Global War on Terrorism but less likely to report hav-
ing served in Iraq.

Table 1.
Comparison of Operation Iraqi Freedom/Operation Enduring Freedom 
(OIF/OEF) veterans selected using OIF/OEF Algorithm versus OIF/
OEF veterans not selected.

Characteristic
Confirmed OIF/OEF Veteran*

p-ValueSelected
(n = 167,110)

Not Selected
(n = 119,758)

Male, n (%) 147,057 (88) 104,190 (87) <0.001

Reservist, n (%) 90,240 (54) 55,089 (46) <0.001

Diagnosis in VA 
Records,† n (%)

Anxiety 17,463 (10.5) 8,168 (6.82) <0.001

PTSD 54,528 (32.6) 18,371 (15.3) <0.001

Mood Disorder 44,669 (26.7) 17,964 (15.0) <0.001

Psychosis 1,855 (1.1) 886 (0.7) <0.001

MH Visit Recorded,‡ n (%) 18,766 (11.2) 9,233 (7.7) <0.001

Number of VA Appoint-
ments† (median)

10 2 <0.001

Age (mean ± SD) 33.2 ± 9.0 36 ± 9.8 <0.001
*OIF/OEF veteran status confirmed using Veterans Health Administration 
Support Service Center OIF/OEF Roster.
†Based on at least one ICD-9-CM code in VA health services use data 2 years 
before survey. ICD-9-CM codes used for diagnoses are as follows:

Anxiety = 300.0, 300.2, 300.3, 308, 309.
PTSD = 309.81.
Mood Disorder = 296, 300.4, 311.
Psychosis = 295, 297, 298.

‡Based on clinical visit to any MH Clinic Stop (500 clinic stop < 600) at 
medical center or associated VA community-based outpatient clinic 1 year 
before survey.
ICD-9-CM = International Classification of Diseases-9th Revision-Clinical Modi-
fication, MH = mental health, PTSD = posttraumatic stress disorder, SD = stan-
dard deviation, VA = Department of Veterans Affairs.

Table 2.
Sensitivity and specificity of Operation Iraqi Freedom/Operation 
Enduring Freedom (OIF/OEF) Algorithm as compared with self-
reported survey data.

Selected Using 
OIF/OEF 
Algorithm

OIF/OEF Veteran*
Predictive
Value (%)Yes No

Yes TP = 1,229 FP = 24 Positive = 98

No FN = 331 TN = 2,979 Negative = 90

Sensitivity (%) 79 — —

Specificity (%) — 99 —
*OIF/OEF status confirmed using self-reported survey data.
Note: Sensitivity = TP / (TP + FN) = 1,229 / (1,229 + 331) = 79%.
Specificity = TN / (FP + TN) = 2,979 / (24 + 2,979) = 99%.
Positive predictive value = TP / (TP + FP) = 1,229 / (1,229 + 24) = 98%.
Negative predictive value = TN / (FN + TN) = 2,979 / (331 + 2,2979) = 90%.
FP rate () = FP / (FP + TN) = 24 / (24 + 2,979) = 0.8% = 1 – specificity.
FN rate () = FN / (TP + FN) = 331 / (1229 + 331) = 21.0% = 1 – specificity.
FN = false negative, FP = false positive, TN = true negative, TP = true positive.
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For those 331 OIF/OEF veterans that our OEF/OIF 
Algorithm failed to identify, 267 (80.6%) were not classified 
as “combat” veterans in the SF file. The remaining 64 did 
not have a POS that fit the criterion we used for that variable.

DISCUSSION

The PPV of our OIF/OEF Algorithm against the OIF/
OEF Roster was 92 percent (167,110/181,612) and, as 
detailed in Table 2, the PPV of the self-reported survey was 
98 percent. The PPV of our OIF/OEF Algorithm was 
acceptable for both studies. However, the false negative rate 
could be problematic depending on the sampling goals. 
Those OIF/OEF veterans identified by the OIF/OEF Algo-
rithm (study 1) were more likely to have a mental health 
diagnosis and more VA appointments than those not identi-

fied. Therefore, using an algorithm based on VA health ser-
vices use data to select OIF/OEF veterans may result in a 
nonrepresentative sample of OIF/OEF VA users. It is 
unknown whether veterans not identified using our OIF/
OEF Algorithm have similar healthcare needs and are sim-
ply receiving healthcare services outside of the VA. Another 
possibility is that reduced VA appointment frequency may 
result in decreased opportunities to update combat status 
and diagnose all of a veteran’s medical conditions.

Study 2 suggests that the OIF/OEF Algorithm pro-
duces few false positives when the population of interest 
is OIF/OEF veterans diagnosed with PTSD within the 
VA. We would expect this group of veterans to use 
healthcare services more routinely and therefore have an 
accurate combat status in VA health services use data. 
Our OIF/OEF Algorithm could be a useful tool for devel-
oping a sampling frame if no other method to identify 
OIF/OEF veterans is available. However, as in study 1, 
we missed those without a combat indicator.

Starting in FY2008, a new method for OIF/OEF 
veteran identification was released. There is now an OIF/
OEF flag available to researchers in the National Data 
Extracts of the Decision Support System (DSS), located in 
the AITC system. This DSS OIF/OEF veteran flag is cre-
ated using the DMDC data from the OIF/OEF Roster that is 
sent to EES and does not rely on the combat indicator that 
we found to be unreliable. Additionally, using the DSS 
OIF/OEF veteran flag to select a cohort of OIF/OEF veter-
ans requires only one data variable restriction as opposed to 
three different variable restrictions that we used in the OIF/
OEF Algorithm. This method is limited to veterans who 
have used the VA healthcare system from FY2008 onward.

CONCLUSIONS

Our OIF/OEF Algorithm allows for accurate OIF/OEF 
veteran identification of a subgroup of veterans who are 
classified by combat eligibility status in VA health services 
use data. However, it fails to identify nearly 42 percent of 
OIF/OEF veterans on the OIF/OEF Roster and 21 percent 
who self-reported OIF/OEF veteran status. Therefore, our 
OIF/OEF Algorithm would not be appropriate if a researcher 
wanted to sample from the entire OIF/OEF veteran popula-
tion that uses VA services, but it might be useful to identify 
the subgroup of OIF/OEF veterans who use the VA more fre-
quently and have mental health diagnoses such as PTSD.

Table 3.
Comparison of Operation Iraqi Freedom/Operation Enduring Freedom 
(OIF/OEF) veterans selected using OIF/OEF Algorithm versus OIF/
OEF veterans not selected.

Characteristic
Confirmed OIF/OEF Veteran*

p-ValueSelected
(n = 1,229)

Not Selected
(n = 331)

Male, n (%) 932 (76) 242 (73) 0.31

Conflicts, n (%)

OIF (2003–present) 1,090 (89) 270 (82) 0.001

OEF (2001–present) 217 (18) 92 (28) <0.001

Global War on Terror-
ism (2004–present)

169 (14) 75 (23) <0.001

Race/Ethnicity, n (%)

Caucasian 563 (46) 176 (53) 0.02

African American 196 (16) 78 (24) 0.001

Asian American 79 (7) 11 (3) 0.031

Hispanic (any) 415 (34) 70 (21) <0.001

Income, n (%): >$50,000 174 (14) 77 (23) 0.001

Education, n (%): High 283 (23) 59 (18) 0.042

school only

Disabled, n (%) 506 (41) 170 (51) <0.001

Marital Status, n (%)

Single (never married) 338 (28) 78 (24) 0.09

Married/Partnered 678 (55) 181 (55) 0.09

Divorced/Widowed 207 (17) 71 (22) 0.09

Employed (full- or part-
time), n (%)

750 (61) 203 (61) 0.97

Age† (mean ± SD) 32.5 ± 8.9 36.8 ± 11.1 <0.001
*OIF/OEF status confirmed using self-report survey.
†Age information is from Department of Veterans Affairs health services use 
data; all other variables are from survey data.
SD = standard deviation.
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