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Summary

Objective: To develop and validate an efficient and accurate method to identify foreign-born pa-
tients from a large patient data registry in order to facilitate population-based health outcomes re-
search.

Methods: We developed a three-stage algorithm for classifying foreign-born status in HIV-infected
patients receiving care in a large US healthcare system (January 1, 2001-March 31, 2012) (n =
9,114). In stage 1, we classified those coded as non-English language speaking as foreign-born. In
stage 2, we searched free text electronic medical record (EMR) notes of remaining patients for key-
words associated with place of birth and language spoken. Patients without keywords were classi-
fied as US-born. In stage 3, we retrieved and reviewed a 50-character text window around the key-
word (i.e. token) for the remaining patients. To validate the algorithm, we performed a chart review
and asked all HIV physicians (n = 37) to classify their patients (n = 957).We calculated algorithm
sensitivity and specificity.

Results: We excluded 160/957 because physicians indicated the patient was not HIV-infected (n =
54), “not my patient” (n = 103), or had unknown place of birth (n = 3), leaving 797 for analysis. In
stage 1, providers agreed that 71/95 foreign language speakers were foreign-born. Most disagree-
ments (23/24) involved patients born in Puerto Rico. In stage 2, 49/50 patients without keywords
were classified as US-born by chart review. In stage 3, token review correctly classified 55/60 pa-
tients (92%), with 93% (Cl: 84.4, 100%) sensitivity and 90% (Cl: 74.3, 100%) specificity compared
with full chart review. After application of the three-stage algorithm, 2,102/9,114 (23%) patients
were classified as foreign-born. When compared against physician response, estimated sensitivity
of the algorithm was 94% (Cl: 90.9, 97.2%) and specificity 92% (Cl: 89.7, 94.1%), with 92% cor-
rectly classified.

Conclusion: A computer-based algorithm classified foreign-born status in a large HIV-infected co-
hort efficiently and accurately. This approach can be used to improve EMR-based outcomes re-
search.
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1. Introduction

At 40.2 million individuals, foreign-born persons represent a substantial and rising proportion of
the US population [1]. Foreign-born status can confer a number of vulnerabilities to poorer health
outcomes including limited language proficiency, low socioeconomic position, and limited access to
health insurance [2, 3].

The challenges these factors present may be heightened for those infected with HIV. Isolation
from the community due to minority status or socioeconomic position, and from social support due
to sexual identity and HIV status, can influence utilization of HIV services [4-6]. For example, lower
rates of HIV testing and delayed entry into HIV care have been observed among foreign-born com-
pared to US-born persons [7, 8]. Important goals of HIV care, such as receipt of antiretroviral treat-
ment and virologic suppression, may therefore be more difficult to achieve in foreign-born patients.
Given the relevance of foreign-born status to achieving clinical and public health outcomes, it is im-
portant to integrate patient place of birth as well as primary language with appointment history and
clinical outcome data.

Patient data registries derived from electronic medical records (EMRs) can serve as vital data
sources on clinical outcomes and patient characteristics. However, much of the valuable information
held in EMRs is embedded in free text notes rather than explicitly coded fields. Extracting informa-
tion about place of birth from an EMR by reading free text notes is labor-intensive and not feasible
for population-based research using registries comprising thousands of patients. Methods, including
natural language processing (NLP), to extract clinical information from free text notes exist for
some conditions (e.g. asthma, smoking status, hepatocellular carcinoma) [9-13]. While foreign-born
represent a rising portion of the US population for whom this status can have a major impact on
health outcomes, no method exists to capture foreign-born status from the EMR. Our objective was
to develop an efficient method to identify foreign-born patients in a large patient registry that would
be primarily computer-based and would minimize the human effort required to review notes. We
then validated the algorithm using physician knowledge as the external standard.

2. Methods

2.1. Data source

The Partners’ Research Patient Data Registry (RPDR) is a clinical research database that comprises
4.5 million patients who receive care in the largest healthcare system in Massachusetts and en-
compasses over 1 billion clinical data points derived from hospital EMRs, administrative databases,
and billing data. The RPDR’s data elements include demographics (e.g. self-identified race/ethnicity
and address), clinical encounters (inpatient and outpatient), diagnoses (International Classification
of Diseases, Ninth revision, Clinical Modification (ICD-9-CM) codes and locally-specified codes),
medications, procedures, laboratory results, imaging, progress notes, and discharge summaries. We
used the RPDRs online query tool to establish our study cohort. We identified 11,113 patients with
at least 1 encounter associated with an ICD-9 CM billing code for HIV infection (V08 or 042) from
either Brigham and Women’s Hospital or Massachusetts General Hospital, both members of the
Partners HealthCare System. Because this cohort was intended for use in a study of predictors of loss
to follow-up from outpatient care, we excluded patients who did not have at least 1 outpatient en-
counter between January 1, 2001 and March 31, 2012 (n = 1,999), leaving a final cohort of 9,114 pa-
tients. The Partners Human Research Committee approved all aspects of analyses.

2.2. Development and application of computer-based algorithm

Since there is no coded field for country of origin in the RPDR, we developed a three-stage com-
puter-based algorithm to apply to the EMR to identify foreign-born individuals (» Figure 1). In
stage 1, we classified those clearly coded as non-English language speaking, based on EMR-coded
demographics, as foreign-born (n = 971). In stage 2, we conducted searches using structured query
language (SQL) of the free text EMR notes of the remaining 8,143 patients for specific keywords po-
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tentially associated with political context (e.g. “asylum”), language (e.g. “interpreter”), geography
(e.g. country of origin) or migration (e.g. “emigrated from”) (»>Table 1). There were a total of 94
keywords or phrases that we applied to the free text notes of the EMR. The keyword search included
all countries in Africa, North, South, and Central America (including the Caribbean); China; and
Portugal due to the predominance of these countries of origin among HIV-infected foreign-born
persons in Massachusetts [14, 15]. In order to maximize the yield of identifying HIV-infected
foreign-born persons, the keyword strategy also included keywords related to political status (e.g.
“green card”), language (“Spanish”), geography (e.g. “born in”), and migration (e.g. “emigrate”). For
keywords whose stem was found in more than one word (e.g. Mexico and Mexican, immigrant and
immigrate), we used the actual word stem (e.g. “Mexic” and “immigra”) to efficiently capture more
than one word in a keyword search. We also accounted for potential spelling errors in documen-
tation (e.g. “interpretor” and “interpreter”).

We searched all free text notes and hospital discharge summaries for the presence of any key-
word. For each instance of a keyword, we extracted the patient identifier, date of the note, and a
50-character window of text around the keyword (termed a “token”). Those with no occurrence of
keywords were classified as US-born (n = 4,167) (> Figure 1).

Patients with at least one instance of a keyword (n = 3,976) proceeded to stage 3, in which we re-
viewed the tokens to determine place of birth and language spoken. For each individual patient, we
reviewed all available tokens and categorized the place of birth as US, foreign, or unknown, and cat-
egorized primary language spoken as English, other language, or unknown. We based our defini-
tions of foreign- and US-born on US Census definitions [16]. We considered a patient US-born if
place of birth was documented as US mainland, Puerto Rico, or other US territory. In stage 3, pa-
tients were classified as foreign-born if a token contained documentation that the patient was
foreign-born or if no token indicated where the patient was born but at least one token documented
that the patient’s primary language was not English. All others were classified as US-born. In addi-
tion, we specifically recorded whether patients were born in Puerto Rico. These patients are US-
born but share certain characteristics with, and therefore may be confused with, foreign-born pa-
tients.

2.3. Validation

We assessed the algorithm by validating all three algorithm steps: the identification of coded foreign
language speakers, the search for keywords, and the review of tokens. We then validated the final
classification based on the application of the full algorithm.

2.3.1 Coded language validation: Stage 1.

In stage 1 of the algorithm, patients who were coded as foreign language speakers were classified as
foreign-born and not considered further. To estimate the adequacy of this definition, we performed
chart review and physician survey; the latter is described below under “Full algorithm validation”

2.3.2 Keyword search validation: Stage 2

In stage 2 of the algorithm, patients whose free text notes did not contain any keywords (i.e. key-
word-negative) were classified as US-born and not considered further. To estimate how many
foreign-born patients we missed using this assumption, we conducted a full chart review of 50 key-
word-negative patients, among which we randomly interspersed 14 patients who were keyword-
positive and classified as foreign-born on token review. The chart reviewer was blind to the patients’
keyword status.

2.3.3. Token review validation: Stage 3

In stage 3 of the algorithm, a human reviewer read all available tokens for a patient and classified the
patient. We assessed the performance of this limited token review compared to a full chart review.
Sixty patients were randomly selected from among those keyword-positive, stratified by their status-
based token review: 20 foreign-born, 20 US-born, and 20 unknown place of birth. Their full charts
were reviewed by a reviewer who did not participate in the token review and was blind to the pa-
tients’ token review status. In the chart review, patients whose place of birth were not recorded in the
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EMR but were documented as having a primary language other than English were considered to be
foreign-born.

2.3.4. Full algorithm validation

In the final validation, we compared the algorithm results to the judgment of the patients’ primary
physician. We linked patients to physicians using the RPDR, which provides a ranking of up to three
physicians for each patient based on the frequency of encounters. We identified a subset of the 9,114
patients who were linked to at least one of the 37 HIV physicians from the Brigham and Women’s
Hospital and Massachusetts General Hospital outpatient HIV practices. If a patient saw more than
one HIV physician, we assigned the provider with the highest rank. We were able to link 2,813 of
9,114 patients to the 37 physicians. Each provider received a list of their linked patients to review.
Providers with <50 linked patients received their complete lists; the rest (n = 10) received a list of 49
patients randomly selected from among those linked to them. The lists contained a total of 957 pa-
tients. Providers were asked to classify each patient’s status as foreign-born, US-born, or Puerto
Rican. In addition, providers were asked to rate their confidence in their response (confident vs. not
confident) and indicate if a patient was not theirs or not HIV-infected. No limitations were placed
on the sources of information that could be used.

2.4. Statistical Analysis

The proportion of US and foreign-born HIV-infected individuals was calculated based on the pro-
portion of the classified population divided by sample size of the eligible cohort (n = 9,114). In the
primary analysis, we calculated sensitivity, specificity, negative and positive predictive values with
95% confidence intervals (CI); we used physician designation as the external standard.

We performed three secondary analyses on the calculation of sensitivity and specificity. First, we
excluded patients when physicians indicated they were “not confident” of their classifications. Sec-
ond, because individuals born in Puerto Rico are technically US-born but may identify as non-Eng-
lish speaking, we explored a possible improvement in the algorithm by evaluating patients, who in
stage 1, were coded as primary Spanish-language speakers. We then reviewed those tokens whose
free text included mention of Puerto Rico and classified these patients’ place of birth as US-born or
foreign-born based on the information in the token. Third, we excluded patients for whom the phys-
ician judgment was incorrect when compared with repeat token review by study staff. This process
involved two reviewers (JHL and SR), blinded to the results of the original token review, who inde-
pendently re-reviewed the tokens for patients for whom the algorithm classification differed from
physician judgment. We considered the physician judgment incorrect if all three token reviews (the
original assessment and the two repeat reviews) were in agreement and place of birth was conclus-
ively documented (i.e. as foreign- or US-born and not “unknown”). Analyses were repeated exclud-
ing these provider “errors” All statistical analyses were performed using Stata statistical software
(StataCorp, 2008. Stata Statistical Software: Release 10. College Station, TX: Stata Corporation.).

3. Results

We identified 9,114 individuals with at least 1 HIV diagnosis code and at least 1 HIV primary care
visit between January 1, 2001 and December 31, 2012, and the algorithm was applied to this group
(> Figure 1). In stage 1 of the algorithm, we found 971 patients (11%) coded as foreign language
speakers and classified them as foreign-born. We applied the keyword search to the remaining 8,143
patients, of whom 4,167 (46%) were keyword-negative and classified as US-born in stage 2. At least 1
instance of a keyword was found for 3,976 patients (44%), who progressed to stage 3. These patients
were classified after review of their tokens. Token review took on average one minute per patient.
After full application of the algorithm, 2,102/9,114 patients, or 23%, were classified as foreign-born.
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3.1. Coded language validation: Stage 1

We examined the provider classifications of those classified as foreign-born in stage 1 of the algo-
rithm because they were coded as non-English speakers in the EMR. Of the 797 patients classified
by their providers, 95 were classified as foreign-born by the algorithm in stage 1. The provider
agreed that 71/95 (75%) of these patients were foreign-born. Almost all of the disagreements (23/24,
96%) occurred among patients classified by providers as born in Puerto Rico (and therefore US-
born).

3.2. Keyword search validation: Stage 2

The algorithm classifies patients with no keywords as US-born. On full chart review, 1/50 (2%, CI: 0,
6.0%) patients with no keywords was found to be foreign-born. All 14 patients with keywords and
classified as foreign-born by token review were confirmed as foreign-born on full chart review. For
163 of the patients reviewed by the providers, no keyword was found at stage 2 of the algorithm and
they were therefore classified as US-born. As a replication of the keyword search validation above,
we examined the provider assessment of these patients. Only 1/163 (1%) of the keyword-negative
patients was judged to be foreign-born on physician review.

3.3. Token review validation: Stage 3

Using full chart review as the standard, token review correctly classified 55/60 patients (92%), with
93% (CI: 84.4, 100%) sensitivity and 90% (CI: 74.3, 100%) specificity.

3.4. Full algorithm validation

Responses were received from all 37 outpatient HIV providers in the infectious disease clinics of the
two major academic hospitals in the health system (P> Figure 2). We excluded 160 patients because
the provider indicated the patient was “not HIV-infected” (n = 54) or “not my patient” (n = 103), or
did not know the patient’s place of birth (n = 3). The provider classified foreign-born status in the re-
maining 797 patients, of whom 579 were US-born (73%) and 218 were foreign-born (27%). The al-
gorithm correctly classified 92% using physician categorization as the external standard. The algo-
rithm’s sensitivity was 94% (CI: 90.9, 97.2%), specificity 92% (CI: 89.7, 94.1%), positive predictive
value of 81% (CI: 76.5, 86.2%) and negative predictive value of 98% (CI: 96.3, 98.9%).

3.5. Secondary analyses

Providers were confident in 717/797 (90%) classifications. In analyses limited to patients for whom
providers were confident about their response, the algorithm performed slightly better, with a sensi-
tivity of 97% (CI: 94.5, 99.4%), up from 94.0%, and a specificity of 93% (CI: 90.2, 94.8%), up from
92% (> Table 2).

We then re-examined a possible improvement on the classification of foreign-born status for
coded foreign language speakers (stage 1) who had mention of Puerto Rico by keyword search of the
EMR. Of the 971 coded foreign language speakers, 191 patients were coded Spanish-language
speakers and had mention of Puerto Rico by keyword search of their EMR. We examined tokens for
all 191 patients and classified each patient as either foreign-born or US-born. Based on this adjust-
ment the number of patients classified as foreign-born decreased from 2,102 (23%), in the primary
analysis, to 1,911 (21%), in this secondary analysis. Of the 191 patients, 27 were included in the pro-
vider review. When compared against the physician classification, the accuracy of the alternative al-
gorithm improved marginally to 93% from 92% in the primary analysis. The estimated sensitivity
decreased from 94% to 90% (CI: 85.1, 93.3), and specificity increased from 92% to 95% (CIL:92.7,
96.4).

Providers disagreed with the algorithm classifications for 60/797 (8%) patients. After repeat
token review by two reviewers, we considered 24/60 patients to have been misclassified by the pro-
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vider. Excluding these 24 patients resulted in slightly improved sensitivity (97%, CI: 94.3, 99.1%) and
specificity (95%, CI: 93.0, 96.7%).

4. Discussion

We assessed a hybrid, three-stage computer-based algorithm using coded field data, keyword search,
and human review to determine foreign-born status for a large cohort of HIV patients drawn from
an EMR-based patient registry. Using this algorithm we efficiently assigned foreign-born status to
over 9,000 patients, limiting human review to very small portions of the medical record for fewer
than half of them. The algorithm embodies three assumptions that we specifically tested and that
were supported: 1) patients coded as non-English speakers are foreign-born, with the exception of
those born in Puerto Rico, 2) the vast majority of patients whose EMR notes do not include certain
terms related to place of birth are US-born, and 3) reading only a small, 50-character portion of the
notes surrounding those terms produces similar results to reading the entire medical record. We
further demonstrated that the algorithm performs well when measured against the standard of
physician classification, even though physicians are free to bring sources of information beyond the
EMR to bear in their assessment.

The computer algorithm identified the proportion of HIV-infected foreign-born persons access-
ing outpatient HIV care between 2001 and 2012 within a large Massachusetts-based healthcare sys-
tem as 23%. The Massachusetts Department of Public Health reported that 29% of HIV-infected
persons in the state were foreign-born [17]. This proportion is based on 2008 seroprevalence data
for HIV diagnoses and does not reflect those patients that have linked to HIV care, which is likely
lower.

We found some evidence that physician knowledge of the patient’s place of birth was incomplete
even though they were free to use the EMR if they chose, and the number of patients they were
asked to review was small enough to make this feasible. They were not confident in 10% of their re-
sponses and when those responses were excluded, the apparent performance of the algorithm im-
proved slightly. We found that for half of the disagreements between the algorithm and physician re-
view, the medical record contained documentation supporting the algorithm and not the physician.
Physicians may not obtain or may forget a patient’s place of birth, making physician review some-
thing short of a gold standard.

Patients born in Puerto Rico were commonly misclassified by the algorithm. Nearly half of pa-
tients (23/48) identified as of Puerto Rican birth by their provider were coded foreign language
speakers and classified as foreign-born by the algorithm in stage 1 and not considered further. In a
secondary analysis, we assessed a possible refinement of the algorithm to address the challenge in
classifying patients from Puerto Rico. We reviewed tokens for coded foreign language speakers who
had the keyword “Puerto Ric” appearing in their medical record and classified foreign-born status.
This method only modestly improved the overall accuracy of the algorithm since the number of pa-
tients was small (n = 191) in proportion to the total cohort size (n = 9,114). In populations where the
proportion of primary Spanish-speaking Puerto Ricans is larger, this adjusted classification may im-
prove the overall accuracy of the algorithm.

In the United States, HIV epidemiology of foreign-born persons has primarily come from sero-
prevalence data [18-20]. However, outcomes research examining the relationship between foreign-
born status and HIV clinical outcomes have been limited by infrequent reporting of foreign-born
status, and studies that have relied on the medical chart for confirmation of foreign-born status have
been based on small cohort studies identified from HIV clinics [8, 19, 21, 22]. A recent HIV out-
comes study used the absence of a valid social security number as a surrogate for undocumented im-
migrant status, another indirect measurement in light of no coded variables for foreign-born iden-
tity [23]. A Veterans Administration-based study similarly intended to improve detection of home-
lessness from the EMR rather than rely solely on administrative coding for diagnostic capture [12].
The investigators used human review to create a learning set to train an NLP-based tool. Application
of the model took three months and precision was 70% based on the error analysis by human review
of the medical documentation. Rather, we retain the component of human review, particularly cru-
cial for conditions where documentation is non-standard and diagnostic status implied in the free
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text notes of the EMR, and apply a three-stage methodology to achieve a highly efficient and accu-
rate mechanism to extract clinical information from the EMR. To our knowledge, our report is the
first to examine the application of an algorithm to a large EMR-based patient registry for the classifi-
cation of patients’ foreign-born status to facilitate HIV outcomes research.

We developed the algorithm with the goal that it would be applicable to other EMR-based clinical
registries given that it requires minimal computer code. We also anticipate that the algorithm could
be adapted to identify other variables of interest that are under-coded or not explicitly coded, such
as underreported diseases or conditions, medication side effects, and social history items (e.g. do-
mestic violence). The study cohort was sizable and drawn from the largest healthcare provider in
Massachusetts. We employed ICD-9 diagnosis codes to identify HIV-infected patients and relied on
clinical notes and hospital discharge summaries as the source of keyword search. The countries in-
cluded in the keyword search reflect the HIV-infected foreign-born population in the Boston metro-
politan area, but could easily be adjusted for other registry locations based on location and specific
purpose.

This study has several limitations. Since information on foreign-born status is often expressed in
the EMR in a non-standard fashion and requires human review to limit misclassification, we did not
compare the performance of this method to alternative machine-based strategies. Due to feasibility
concerns we did not validate the token review (stage 3) against full chart review for each patient; in-
stead we selected a random sample of the cohort for validation. The cohort was restricted to patients
who are HIV-infected and live in a Northeastern state, two characteristics that may limit the gen-
eralizability, including predictive values, in our results. These factors also contribute to a relatively
high proportion of foreign-born patients in the cohort, which may affect the performance of the al-
gorithm in other settings, but is modifiable based on HIV prevalence and foreign-born demo-
graphics of the study setting.

Conclusions and Clinical Relevance

Large clinical data registries are underutilized sources to characterize patterns of HIV care utiliz-
ation by foreign-born persons and risk factors for poor clinical outcomes. Techniques to mobilize
the EMR for efficient and accurate identification of patients, such as foreign-born status and other
conditions, will enhance the value of EMRs for comparative effectiveness research.
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Fig. 1 Flow chart for identification of foreign-born individuals from a large electronic patient data registry.
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Algeria green card
Angola Guatemal
Argentin Guiana
Asylum Guinea
Belize Guyana
Benin Haiti

Bolivia Hondura
born and raised  immigra
born in interpreter
Botswana interpretor
Brazil Ivoire
Burkina Faso Kenya
Burundi Lesotho
Cameroon Liberia
Camp Libya

Canad Madagascar
Cape verde Malawi
Chad Mali

Chile Maurit
Chinese Mexic
Colombia Morocc
Comoros moved to the US
Congo moved to US
Costa Ric Mozambiqu
creole Namibia
Djibouti Nicaragua
Dominican Niger (includes Nigeria)
Ecuador originally from
Egypt Panama
emigrat Paragua
Eritrea Peru
Ethiopia Portug
foreign Puerto Ric
Gabon refugee
Gambia Rwanda
Ghana Salvador
© Schattauer 2014

Sao Tome
Senegal

Sierra Leone

Somali (included with Mali)

South Africa
Spanish
Sudan
Surinam
Swaziland
Tanzania
Togo
Torture
Translate
Tunisia
Uganda
Urugua
Venezuela
visa
Zambia
Zimbab

=
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Table 1 Comprehensive
List of Keywords Included in
Computerized Search of the
Electronic Medical Record for
HIV-infected Foreign-born Pa-
tients.

JH Levison et al.: Computer-based algorithm to identify foreign-born

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Research Article

a Applied Clinical Informatics 568

Table 2 Test Characteristics for a Computer-based Algorithm to Identify Foreign-born Patients in the Electronic

Medical Record.

Primary analysis
Secondary analyses

Only confident physician responses

Sensitivity (95% CI)
94% (90.9, 97.2%)

97% (94.5, 99.4%)

Adjustment for foreign language speakers with key- 90% (85.1, 93.3%)

words positive for Puerto Rico

Exclusion of provider-misclassified patients

Abbreviation: Cl, confidence interva
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97% (94.3, 99.1%)

Specificity (95% Cl)
92% (89.7, 94.1%)

93% (90.2, 94.8%)
95% (92.7, 96.4%)

95% (93.0, 96.7%)
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