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ABSTRACT 

Background: The United States (US) is home to more than 8.6 million undocumented Hispanic 

immigrants. These individuals face significant barriers to accessing health services and are a 

subpopulation on whom relatively little research has been done. Undocumented Hispanics are 

faced with unique vulnerabilities, and research on them should be done thoughtfully and with 

care. One proposed method of investigating health outcomes for this subpopulation, and the 

factors that influence these outcomes, is utilizing predictive modeling for documentation status.  

Objectives: This dissertation is composed of three studies that aim to: 1) Synthesize the 

literature to assess health outcomes of undocumented immigrants with at least one chronic 

condition; 2) Create and internally validate a predictive model of documentation status utilizing 

two data sets by comparing demographic and health characteristics of individuals alongside 

their known documentation status; and 3) Utilize the predictive model on a prospective cohort 

of essential workers – in which documentation status is unknown – to examine healthcare 

utilization for the treatment of SARS-CoV-2 infections by predicted undocumented status. 

Methods: Aim one is explored through a scoping review of the literature related to chronic 

disease outcomes for undocumented Hispanic immigrants compared to documented 

immigrants or US-born citizens, following the Preferred Reporting Items for Systematic reviews 

and Meta-Analyses checklist for scoping reviews (PRISMA-ScR). A systematic search was 

conducted on October 10, 2019 in five databases (PubMed, MEDLINE, Web of Science, Embase, 

and CINAHL), with supplementary searches up to June 24, 2023. Studies were examined by two 

reviewers, and those found to be quantitative studies conducted in the US, comparing health 
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outcomes for undocumented Hispanic immigrants aged 18+ compared to either or both 

documented Hispanic immigrants or US-born citizens were included. 

Aim two is examined by the development and internal validation of three multivariable 

prediction models of Hispanic immigrant documentation status utilizing data from two previous 

studies on health outcomes of individuals living near the Arizona-Mexico border. For the 

predictive models, multiple imputation by chained equations (MICE), random forest machine 

learning, and support vector machine learning algorithms were employed, with each model 

assessed for its accuracy, precision, recall, and Matthews correlation coefficient (MCC).  

Aim three is investigated through the implementation of the best-performing prediction model 

in a longitudinal cohort of essential workers, and utilizing multivariable logistic regression 

models to ascertain if there were differences between predicted undocumented immigrants 

and the rest of the cohort, and to identify factors associated with healthcare utilization for the 

treatment of SARS-CoV-2 infection. 

Results: Of 275 records identified through database search, 26 full-text articles were assessed, 

and eight articles were found to examine health outcomes for undocumented immigrants with 

at least one chronic condition. There was conflicting evidence as to whether  undocumented 

immigrants have poorer health outcomes compared to documented immigrants or US-born 

citizens.  

For aim two, a combined sample of 473 individuals was used to build our prediction models. 

The model using MICE had the lowest rates of accuracy (64.3%), precision (0.81), recall (0.74), 

and MCC (-0.07). The random forests model was fared slightly better in all metrics with an 
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accuracy of 73.1%, precision of 0.82, recall of 0.86, and MCC of 0.002, and the support vector 

machine was the strongest in all categories, with an accuracy of 90.7%, precision of 0.90, recall 

of 0.99, and MCC of 0.66.  

For aim three, predicted undocumented status of 1,074 Hispanic individuals from the 

longitudinal cohort was assigned using the support vector machine algorithm. Across 466 SARS-

CoV-2 infections that occurred in this group, there was no statistically significant difference 

between healthcare utilization by predicted undocumented immigrants compared to the rest of 

the cohort, and the only factors associated with healthcare utilization were number of illness 

symptoms, number of days spent in bed, and illness duration. 

Conclusions: There are significant research gaps on undocumented immigrants, their health 

outcomes, and the factors that influence these health outcomes. One of the predictive models 

for documentation status developed in Aim 2 shows promise and warrants additional research. 

This work aims to make some incremental progress towards understanding this subpopulation 

better, the unique challenges they face, and their healthcare behaviors and needs. 
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CHAPTER 1: INTRODUCTION 

 More foreign-born individuals reside in the United States (US) than any nation in the 

world.1 A total of 43.7 million immigrants live in the country, with 11.1 million of them being 

undocumented – meaning they lack U.S. citizenship or lawful temporary or permanent 

residency.2 Of these undocumented immigrants, 8.6 million, or two-thirds, are Hispanic.3 Over 

the last decade, international migration has risen, despite efforts by many countries to tighten 

their borders.4 In the US, strategies including increased border patrol, detention, and 

deportation have been used in attempts to restrict immigrants crossing the border.5,6  

For individuals who do make it into the US, policies have been put in place to limit access 

to health services, e.g. excluding undocumented immigrants from accessing health insurance 

under the Affordable Care Act.7 Undocumented immigrants face additional barriers to access 

health care services, including: experiences of discrimination, marginalization, and stigma; 

confusion about rules and regulations; and mistrust of the health care system.8,9 

As a result, undocumented immigrants in the US are less likely to have a regular source 

medical care outside of the emergency room, and less frequently use health services.10-12 This 

less frequent utilization of health services endangers not only their health, but also that of the 

general public, particularly in instances of infectious diseases.13,14 While immigrants overall 

exhibit relatively favorable health,15,16 this advantage seems to deteriorate as they gain more 

experience in the “host” country, and as they become more acculturated.17,18 

Research on undocumented Hispanic individuals faces a number of unique challenges. 

First is a lack of data which includes immigration status in nationally representative survey data 
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that is often used in secondary data analyses to examine health science questions.19 

Researchers may omit questions on documentation status due to the possibility of putting 

undocumented respondents at risk if identifying data were to be requested by government 

agencies.20,21 Even in instances where researchers might wish to gather information on 

documentation status, Hispanic individuals overall are more likely to refuse to participate in 

research studies than members of other racial and ethnic groups,22 or refuse to answer 

questions about documentation status even when researchers may believe they are following 

best practices for research.23 

While Common Rule guidelines for human subjects research, set forth by the US 

Department of Health and Human Services, have not specially designated immigrant 

populations as “vulnerable”, some have argued that they may fall into this designation for a 

variety of reasons, and researchers therefore owe a particular duty of care to this 

subpopulation. In addition to the health-related vulnerabilities outlined above, immigrants, 

particularly undocumented immigrants have high rates of poverty,24 may have low levels of 

English proficiency,25,26 and may put themselves or their loved ones in peril by answering 

questions about their documentation status,27 particularly in the climate of the last decade 

where high rates of deportations and punitive state and local legislations have been common.28 

Extra precautions therefore, above and beyond the usual protections to confidentiality, should 

be taken when it comes to researching undocumented immigrants. 

One way this has been implemented in other disciplines, particularly economics,19,29 is 

utilizing predictive modeling for documentation status. By assigning predicted documentation 

status to a data set where true documentation status is not known – particularly when doing 



14 
 

secondary data analysis on deidentified data sets – researchers can examine outcomes without 

putting undocumented individuals at additional risk.29 This dissertation seeks to utilize the 

foundations for predictive modeling from other disciplines to build and validate a predictive 

model of documentation status using variables found in health research, and implement it in a 

data set where documentation status is not known in order to examine healthcare utilization by 

individuals in response to SARS-CoV-2 infection. 

 

Theoretical Framework 

This dissertation is guided by the Fundamental Cause Theory. This theory aims to explain 

why health inequalities exist under conditions that should eliminate or reduce them.30 Namely, 

how do stark inequalities in overall health and mortality exist between individuals of different 

socioeconomic statuses during modern times when the major diseases and risk factors that 

seemingly accounted for differences in earlier periods of history (e.g. infections like typhoid, 

tuberculosis, and diphtheria caused in large part due to poor sanitation and overcrowding) have 

been largely eradicated in the modern developed world.31  

According to the original authors, a fundamental social cause of health inequality has 

four features. First, it influences multiple disease outcomes. Second, it affects these outcomes 

through multiple risk factors. Third, it involves access to resources that can be used to avoid 

risks or minimize the consequences of disease once it occurs. And fourth, the association 

between a fundamental cause and health is reproduced over time.30 The most enduring 

examples include socioeconomic status and racism. Some researchers have argued that 
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documentation status should be considered a distinct fundamental cause of health, even 

though some other fundamental causes like the two examples listed above are deeply 

intertwined with it.32-35 There are a number of reasons for this, including clear social and 

economic disadvantages that are directly due to an individual’s undocumented status, like: 

limited occupational mobility and higher likelihood of being employed in sectors with higher 

occupational health risks;36 less access to employment benefits;37 limited access to healthcare 

and poorer experiences with care;38 and being subject to restrictive immigration laws and law 

enforcement which generate fear and stress, and undermine the economic wellbeing of 

immigrants.39 

 

Approach 

 This dissertation follows a three-paper model with three aims, each investigated as one 

paper, which are presented as chapters in the dissertation. Chapter 2 is a scoping review of the 

literature, synthesizing findings from studies examining chronic disease outcomes for 

undocumented Hispanic immigrants compared to documented immigrants or US-born citizens. 

The scoping review assessed each study’s location, purpose, data source, sample characteristics, 

health outcomes, and limitations, with a discussion as to potential reasons the findings from 

these studies are mixed, and the need for future studies to address the research gap.  

 Chapter 3 explores building and validating predictive models of documentation status for 

Hispanic immigrants given a number of sociodemographic, health behavior, and disease status 

indicators. It lays out challenges and ethical considerations in conducting research on 
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undocumented immigrants and seeks to build a robust predictive model that could assign 

predicted documentation status to individuals in cohorts where documentation status is not 

known. Three models were built and evaluated, under the belief that such a tool would allow 

for the examination of differences between predicted undocumented individuals and others in a 

cohort across a wide range of health outcomes. 

  As initially envisioned at the beginning of 2020, chapter 4 would have utilized a de-

identified data set of patients treated at Banner University Medical Center – Tucson between 

November 1, 2013 to September 30, 2017 and assigned predicted documentation status to each 

individual. Then, the effect of predicted documentation status on hemoglobin A1c levels of 

patients at diagnosis of diabetes, and approximately one year after diagnosis would have been 

examined. However, the onset of the COVID-19 pandemic led to delays in the completion of this 

dissertation, and staffing shortages at the University of Arizona Clinical Data Warehouse, from 

which the patient data would have come, meant that the timeline for getting access to the 

required data was uncertain. In consultation with the dissertation committee, it was decided 

that an alternate data source should be utilized. 

 The replacement was data from the Arizona Healthcare Emergency Response and Other 

Essential Workers Surveillance Study (AZ HEROES), a longitudinal cohort study of over 4,200 

essential workers in Arizona. The purpose of AZ HEROES was not related to chronic diseases, but 

rather describing the estimating incidence and symptom presentation of SARS-CoV-2 infection, 

establishing molecular and immunologic characteristics of SARS-CoV-2 infection, and examining 

post-vaccine immunologic response. Instead of focusing on clinical outcomes of SARS-CoV-2 

infection, the decision was made to examine one of the factors most important for determining 
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the outcome of a SARS-CoV-2 infection: healthcare utilization. Chapter 4, then, focuses on 

assigning predicted documentation status to participants in the AZ HEROES study using the 

strongest predictive model from chapter 3, and examining if there were differences in 

healthcare utilization between predicted undocumented immigrants and the rest of the cohort, 

as well as to identify other factors that might be associated with healthcare utilization for the 

treatment of SARS-CoV-2 infection. 

 

SPECIFIC AIMS 

Aim 1: Synthesize the literature to assess chronic disease outcomes for undocumented Hispanic 

immigrants compared to documented immigrants or US-born citizens. 

Aim 2: Create and internally validate a predictive model of documentation status through two 

data sets comparing demographic and health characteristics of individuals alongside their 

known documentation status. 

Aim 3: Utilize the predictive model on a prospective cohort of essential workers – in which 

documentation status is unknown – to examine healthcare utilization for the treatment of SARS-

CoV-2 infections by predicted undocumented immigrants. 
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CHAPTER 2: IMMIGRATION STATUS AND CHRONIC DISEASE OUTCOMES – A SCOPING REVIEW 

Abstract 

Undocumented immigrants face significant barriers to accessing regular medical care in 

the US. This is a concern especially for individuals with chronic conditions. This scoping review 

provides an overview of the current knowledge on chronic health outcomes for undocumented 

immigrants compared to documented immigrants or US-born citizens. We have used a review 

methodology recommended for summarizing existing research evidence, and to identify 

knowledge gaps. The review process was conducted in accordance with the PRISMA-ScR 

guidelines, and the selection of studies was based on pre-defined criteria. Eight articles were 

included. Key information such as population details, and study details, outcomes, and 

limitations are presented. There was conflicting evidence as to whether undocumented 

immigrants have poorer health outcomes. Several possible explanations for this were described, 

but future, rigorous studies are recommended to address this gap and better understand the 

health of this vulnerable population. 
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Background 

The US hosts more foreign-born individuals than any nation in the world.1 Of the 43.7 

million immigrants living in the country, 11.1 million are undocumented2 Undocumented 

immigrants often face a number of barriers that impact their ability or willingness to access health 

care services, including: English language proficiency; restricted mobility; experiences of 

marginalization and stigma; and mistrust of the health care system.8 In addition, undocumented 

immigrants are ineligible for U.S. medical insurance and health care coverage options,40 and are 

less likely to have a primary care provider,41 a regular source of medical care,42 or access to and 

use of health services.38 Undocumented immigrants are also often unwilling to seek out medical 

care due to fear of deportation.43,44 Moreover, although immigrants and, to a lesser extent, US.-

born Hispanics in the US exhibit relatively favorable health,15,16 this advantage seems to 

deteriorate as immigrants gain more experience in the “host” country, and as they become more 

acculturated.17,18  

All of these challenges are particularly concerning for individuals with a chronic health 

condition, which requires ongoing management and supervision from both the individual and 

their health care team to achieve optimal outcomes and reduce the risk of developing a wide 

array of serious and costly health complications.45 Given that undocumented status has been 

shown to reduce healthcare utilization in Hispanic individuals with chronic conditions,46 it is likely 

that undocumented individuals do not receive the same level of medical care to manage their 

condition as documented immigrants or U.S. citizens. This could lead to poorer disease 

management and health outcomes which can have significant social and economic 

consequences.47  
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Rationale and Objective 

While previous research has uncovered a number of barriers to care for undocumented 

immigrants, the health burden of chronic diseases on undocumented immigrants in the US 

remains almost entirely unexplored. No review of any kind has been published that explores 

and summarizes evidence on chronic disease health outcomes of undocumented immigrants 

compared to documented immigrants and U.S.-born citizens. Due to the paucity of research on 

health outcomes of undocumented immigrants with chronic diseases we conducted a scoping 

review of studies that have examined chronic disease outcomes for undocumented Hispanic 

immigrants compared to documented immigrants or US-born citizens.  

Methods 

The current study was guided by the PRISMA-ScR guidelines as well as methods outlined 

by the Joanna Briggs Institute for scoping reviews, and includes the following stages: 1) identifying 

the research questions, 2) identifying relevant studies, 3) study selection, 4) extracting and 

charting the data, and  5) collating, summarizing and reporting the results.48-50 

Search Strategy 

A systematic literature search was conducted on October 10, 2019 in PubMed, MEDLINE, 

Web of Science, Embase, and CINAHL, with supplementary searches up to June 24, 2023. No 

restrictions were placed on article publication date, though only those published in English were 

considered. The following Medical Subject Headings (MeSH) and keywords were used in the 

search: (“emigrants and immigrants”[mesh] OR migrant OR immigrant OR emigrant OR 

immigration OR "foreign-born") AND ("legal status" OR undocumented OR documented OR 
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authorized OR unauthorized OR illegal) AND (“diabetes mellitus”[mesh] OR diabetes OR A1C OR 

chronic illness OR chronic disease OR chronic condition) AND (“United States” OR “US” OR “U.S.”). 

References in included papers were searched for additional articles that should be added.  

Eligibility Criteria 

Following best practices recommendations for scoping reviews,51 we utilized the PCC 

strategy for our eligibility criteria, outlined in Table 1.  

Table 1. Scoping review inclusion and exclusion criteria  

PCC Strategy Inclusion criteria Exclusion criteria 

P – Population Undocumented immigrants, 

18+ years old, living in the 

U.S., focus on Hispanic 

individuals (at least 80% of 

study participants) 

Studies focused on 

children and/or 

adolescents (<18 years 

of age) 

C - Concept Quantitative studies with 

individuals with at least one 

chronic disease (type 2 

diabetes, heart disease, 

obesity, or chronic kidney 

disease) reporting 

outcomes compared to 

either or both documented 

immigrants/U.S.-born 

citizens 

Descriptive articles such 

as reviews, lectures, 

conference proceedings, 

or qualitative-only 

studies. 

C - Context Studies conducted in the 

United States 

Studies not published in 

the English language 
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Study Selection and Data Extraction 

Two researchers independently screened titles and abstracts, and a third checked for 

discrepancies and resolved any conflicts. This process was repeated for full text screening with 

each author fulfilling the same role. Reasons for exclusion during full text screening are detailed 

in Table 5. A Research Electronic Data Capture (REDCap) database was developed a priori 

specifically for data extraction for this project. Two researchers independently extracted the 

following data: title; first author; year of publication; geographic location; sample size; age range; 

gender breakdown; aim of the study; country(ies) of origin of undocumented study participants; 

method of determining documentation status; comparator; information about primary and 

secondary outcomes (list of outcomes, results and significance); major limitations; and references 

to obtain. Data extraction reports were checked by a third researcher for discrepancies with 

conflicts resolved by all three authors. In accordance with the scoping review methodology, a 

formal assessment of the quality of individual articles was not included, though quality was 

addressed in the discussion. No articles were excluded based on methodological quality. 

Results 

Search Results, Inclusion, and Exclusion 

Figure 1 presents a flow chart of the search results and selection of eligible publications. 

The literature search generated a total of 276 articles, 191 after the removal of duplicates. A total 

of 164 articles were removed after title and abstract screening if there was enough information 

to demonstrate that they did not meet the inclusion criteria or that they fulfilled one or more of 
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the exclusion criteria.  This left 27 full-text articles to be assessed, of which 9 met the eligibility 

criteria and were included in this review. 

Figure 1. PRISMA flow diagram of literature search and selection for scoping review 

 

Study Characteristics 

Study characteristics were gathered, including first author, year of publication, geographic 

location, aims/purpose, and data source (Table 2). All nine studies were published after 2000, 

with one published in 2004 and the remaining seven published 2011-2022. Five studies examined 

outcomes for patients with End Stage Renal Disease, one on farmworkers, and only three that 
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might be considered the “general population.” Four studies were centered on a specific hospital 

or group of local hospitals, four utilized national survey data, and one used survey data with 

information from two different states. A total of 59,103 individuals were included in analysis 

across the nine studies. 

Table 2. Study characteristics of studies included in scoping review 

Authors Title Year 

Geographic 

Location Aims/Purpose Data Source 

Coritsidis et 

al.52 

The Initiation of Dialysis in 

Undocumented Aliens: The 

Impact on a Public Hospital 

System 

2004 New York 

City, NY 

Compare health outcomes of 

undocumented individuals with 

ESRD to American citizens 

Medical records from Nassau University 

Medical Center, New York NY; and Jacobi 

Medical Center, New York NY, 1993-

2001, with follow-up interview surveys 

administered by physicians 

Do et al.46 Healthcare Utilization 

Among Hispanic 

Immigrants with Diabetes: 

Investigating the Effect of 

US Documentation Status 

2014 US (national 

survey) 

1) To determine if documented 

and undocumented Hispanic 

immigrants with diabetes differ 

by health insurance status and 

having a usual place of care, 2) To 

investigate the effect that 

documentation status has on 

health care utilization among 

diabetic Hispanic immigrants. 

Pew Hispanic Center and Robert 

Johnson Wood Foundation's 2007 

Hispanic Healthcare Survey 

Hamilton et 

al.53 

Immigrant Legal Status and 

Health: Legal Status 

Disparities in Chronic 

Conditions and 

Musculoskeletal Pain 

Among Mexican-Born Farm 

Workers in the United 

States 

2019 US (national 

survey) 

To determine whether a legal 

status disparity exists in chronic 

conditions and musculoskeletal 

pain among Mexican-born 

immigrants employed as farm 

workers in the US  

Farmworkers interviewed as part of the 

National Agricultural Workers Survey, 

2000-2015 

Iten et al.54 Undocumented 

Immigration Status and 

Diabetes Care Among 

Mexican Immigrants In Two 

Immigration ''Sanctuary'' 

Areas 

2014 San 

Francisco, 

CA; Chicago, 

IL 

To investigate the relationship 

between immigration status and 

the patient experience of health 

care, diabetes self-management, 

and clinical outcomes among 

Mexican immigrants with 

diabetes receiving health care in 

two immigration sanctuary cities 

Immigration, Culture and Health Care 

study with respondents from San 

Francisco, CA and Chicago, IL, 2008-2009 

Linden et 

al.55 

Kidney Transplantation in 

Undocumented Immigrants 

With ESRD: A Policy Whose 

Time Has Come? 

2012 New York 

City, NY 

To examine the demographic and 

health characteristics of 

undocumented immigrants with 

ESRD, as well as transplant 

attitudes and options 

Medical records from Elmhurst Hospital, 

New York NY, 2010 
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Madden et 

al.56 

Dialysis Hospitalization 

Inequities by Hispanic 

Ethnicity and Immigration 

Status 

2017 Albuquerque, 

New Mexico 

To examine the likelihood of 

being admitted to an emergency 

room for dialysis among 

undocumented immigrants, 

compared with other patients 

Medical records from patients admitted 

via the emergency department at the 

University of New Mexico Hospital. 

2013-2016 

Raghavan 

et al.57 

Descriptive Analysis of 

Undocumented Residents 

with ESRD in a Public 

Hospital System 

2011 Houston, TX To evaluate the demographics of 

the patient population receiving 

hemodialysis in two Houston 

public hospitals and an affiliated 

clinic 

Medical records of patients receiving 

hemodialysis in the Harris County Health 

district, 2010 

Ruhnke et 

al.58 

 

A healthy migrant effect? 

Estimating health 

outcomes of the 

undocumented immigrant 

population in the United 

States using machine 

learning 

2021 

 

US (national 

survey) 

 

To evaluate whether an 

immigrant health advantage 

persists among undocumented 

immigrants in the US 

 

Pooled cross-sections of the National 

Health Interview Survey, 2000-2018 

 

Shen et al.59 Association of Citizenship 

Status With Kidney 

Transplantation in Medicaid 

Patients 

2018 US (national 

survey) 

To assess if undocumented 

immigrants would have similar 

outcomes to US citizens following 

kidney transplant if equally 

insured. 

Medical records of adult Medicaid 

patients in the US Renal Data System 

who received a kidney transplant, 1990-

2011 

 

Study Population Characteristics 

Sample sizes of the various studies ranged from 127 to 434,985 individuals (Table 3). 

Studies with smaller numbers of participants, particularly undocumented individuals, tended to 

be those where data was collected from an individual hospital system. The larger samples 

generally came from studies conducting secondary data analysis of national survey data. One 

study did not report any information on the ages of participants. For the remaining eight studies, 

the mean age of participants in the studies ranged from mid-30s to mid-50s. Two studies did not 

break out ages of undocumented individuals versus the comparison group, but for the six that 

did, undocumented individuals were approximately ten years younger than the comparison group 

in four of them. Sex of participants was about two-thirds male (four studies), relatively equal 

between male and female (four studies), or not disclosed (one study). The comparison group was 
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both documented immigrants and US-born citizens in six studies, and only documented 

immigrants in the remaining three studies. Finally, four studies used self-report questions to 

determine undocumented status, two studies used administrative data (lack of social security 

number), one counted use of an interpreter as a proxy for undocumented status, one used 

imputation methods, and one did not disclose the method of ascertaining documentation status.  

Table 3. Participant characteristics of studies included in scoping review 

Authors Title Sample  
Age Range or 
Mean Age Gender Breakdown Comparator 

Country(ies) of 
Origin 

Measurement 
of legal status 

Coritsidis 
et al.52 

The Initiation of 
Dialysis in 
Undocumented 
Aliens: The 
Impact on a 
Public Hospital 
System 

Undocumented 
immigrant 
patients (n=55) 
compared to 
American 
citizens (n=223), 
both with ESRD 

Undocumented 
immigrants = 
45.9 years; 
American 
citizens = 54.3 
years 

Undocumented 
immigrants = 62% 
male; American 
citizens = 65% male 

Documented 
Immigrants 
and US-born 
Citizens 

Undocumented 
immigrants 
were primarily 
of Hispanic 
origin (58%), 
mostly Central 
American from 
El Salvador 

Not disclosed in 
article 

Do et 
al.46 

Healthcare 
Utilization Among 
Hispanic 
Immigrants with 
Diabetes: 
Investigating the 
Effect of US 
Documentation 
Status 

Hispanic 
immigrants 18 
years of age or 
older, 
undocumented 
(n=105), 
documented 
(n=422) 

51.7 years Male = 49.9%,  
female = 50.1% 

Documented 
Immigrants 

Mexico = 
75.6%, Other = 
24.4% 

Self-report 

Hamilton 
et al.53 

Immigrant Legal 
Status and 
Health: Legal 
Status Disparities 
in Chronic 
Conditions and 
Musculoskeletal 
Pain Among 
Mexican-Born 
Farm Workers in 
the United States 

Mexican-born 
respondents 
under the age of 
65 (n = 17,462, 
breakdown by 
immigration 
status not 
disclosed) 

Undocumented 
immigrants = 
31.8 years, 
documented 
immigrants = 
42.2 years 

Undocumented 
immigrants = 21.4% 
female; 
documented 
immigrants = 27.0% 
female 

Documented 
Immigrants 

Mexico Self-report 

Iten et 
al.54 

Undocumented 
Immigration 
Status and 
Diabetes Care 

Among Mexican 
Immigrants In 
Two Immigration 
''Sanctuary'' 
Areas 

Individuals with 
diabetes who 
received care in 
nine free-

standing or 
hospital-based 
safety-net clinics: 
undocumented 
individuals 
(n=111) 
compared to the 
rest of the 
patient 
population 
(n=300) 

Undocumented 
immigrants = 
49.8 years; 
documented 

immigrants = 
55.7 years; US 
born = 55.7 years 

Undocumented 
immigrants = 51.6% 
female; 
documented 

immigrants = 50.0% 
female; US born = 
54.0% female 

Documented 
Immigrants 
and US-born 
Citizens 

Mexico Self-report by 
elimination 
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Linden et 
al.55 

Kidney 
Transplantation 
in Undocumented 
Immigrants With 
ESRD: A Policy 
Whose Time Has 
Come? 

All outpatient 
dialysis patients 
from March until 
May 2010 
undocumented 
individuals 
(n=45) compared 
to the rest of the 
patient 
population 
(n=82) 

43.8 years 71% male Documented 
Immigrants 

Mexico and 
Central 
America = 58%  
South America 
= 29%  Asia  = 
13% 

No social 
security 
number 

Madden 
et al.56 

Dialysis 
Hospitalization 
Inequities by 
Hispanic Ethnicity 
and Immigration 
Status 

Undocumented 
immigrant 
patients (n=759) 
admitted via the 
emergency 
department and 
receiving dialysis 
compared to 
random sample 
of patients 
(n=3,345) 
admitted via the 
emergency 
department and 
not receiving 
dialysis 

Not reported Not reported Documented 
Immigrants 
and US-born 
Citizens 

Not reported Use of an 
interpreter 

Raghavan 
et al.57 

Descriptive 
Analysis of 
Undocumented 
Residents with 
ESRD in a Public 
Hospital System 

Undocumented 
immigrants 
receiving 
hemodialysis in 
Houston (total 
n=186, surveyed 
n=48) compared 
to all Hispanics 
on hemodialysis 
in Texas 
(n=13,283) 

Undocumented 
immigrants 
surveyed = 43.4 
years; 
undocumented 
immigrants in 
Houston = 42.6 
years; Hispanic 
individuals in 
Texas = 58.9 
years 

Undocumented 
immigrants 
surveyed = 35.0% 
female; 
undocumented 
immigrants in 
Houston = 37.5% 
female; Hispanic 
individuals in Texas 
= 48% female 

Documented 
Immigrants 
and US-born 
Citizens 

Not reported No social 
security 
number 

Ruhnke 

et al.58 

 

A healthy migrant 
effect? Estimating 
health outcomes 
of the 
undocumented 
immigrant 
population in the 
United States 
using machine 
learning 

434,985 
individuals 
responding to 
the National 
Health Interview 
Survey, 2000-
2018, of which 
12,368 were 
undocumented 

Undocumented 
immigrants = 
34.2% 35-49 
years, 
documented 
immigrants = 
40.4% 35-49 
years, US-born = 
34.1% 35-49 
years 

Undocumented 
immigrants = 47.6% 
female; 
documented 
immigrants = 52.0% 
female; US born = 
51.2% female 

Documented 
Immigrants 
and US-born 
Citizens 

Reported only 
by region (Asia 
= 19%, Africa = 
3%, Europe = 
6%, Mexico & 
Central 
America = 
61.2%, Middle 
East = 2%, 
South America 
= 7%) 

Multi-stage 
imputation 
using data from 
the Survey of 
Income and 
Program 
Participation 

Shen et 
al.59 

Association of 
Citizenship Status 
With Kidney 
Transplantation 
in Medicaid 
Patients 

Nonresident 
aliens (n=346) 
compared to 
permanent 
residents 
(n=1,489) and US 
citizens 
(n=8,660) 

Undocumented 
immigrants = 
34.5 years; 
documented 
immigrants = 
46.0 years; US 
citizens = 42.0 
years 

Undocumented 
immigrants = 50.4% 
male; documented 
immigrants = 56.1% 
male; US citizens = 
50.4% male 

Documented 
Immigrants 
and US-born 
Citizens 

Not reported Self-report 
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Study Findings 

The nine studies presented twenty-one different physical health outcome comparisons between 

undocumented individuals and documented immigrants or US citizens. On nine of these 

measures (43%), undocumented individuals fared worse than their comparison group (Table 4). 

On nine outcomes (43%), undocumented individuals fared better than the comparison group. On 

the final three outcomes (14%), there was no difference found between undocumented 

individuals and the comparison group. In other words, in over half of the studied outcomes, 

researchers found no difference for undocumented individuals compared to documented 

immigrants or US citizens, or better health outcomes for undocumented individuals.  

Table 4. Findings and limitations of studies included in scoping review 
 

 

 

 

Authors Title 

Primary Health 

outcome(s) 

0 = no difference, 

+ = undocumented 

better,  

- = undocumented 

worse Primary Health Outcome Details Major Limitations 

Coritsidis et 

al.52 

The Initiation of 

Dialysis in 

Undocumented Aliens: 

The Impact on a Public 

Hospital System 

Mean Arterial 

Pressure 

Creatinine levels 

Calculated 

glomerular 

filtration rates 

Magnesium 

Alkaline 

phosphatase 

Albumin 

- 

 

- 

- 

 

 

- 

- 

 

- 

Undocumented immigrants vs. 

American citizens for all results:  

MAP (mm Hg): 119.9 vs. 108.9, p=0.001  

Creatinine (mg/dL):  11.90 vs. 9.92, 

p=0.03   

GFR (mL/min/1.73 m2):  5.53 vs. 6.29, 

p=0.03   

Magnesium (mg/dL): 2.43 vs. 2.21, 

p=0.008   

Alkaline phosphatase: 136 vs. 111, 

p=0.03   

Albumin (g/dL): 3.26 vs. 3.0, p=0.04  

• Limited generalizability 

• Cross-sectional data 

Do et al.46 Healthcare Utilization 

Among Hispanic 

Immigrants with 

Diabetes: Investigating 

the Effect of US 

Documentation Status 

Time since last 

visit 

Self-reported 

excellent or good 

health status 

- 

 

- 

Undocumented immigrants vs. 

documented immigrants for all results: 

Time since last visit 6 months or less: 

12.4% vs. 69.2% 

Excellent or good health status: AOR = 

0.3, 95% CI 0.18, 0.80 

• Cross-sectional study 

data     

• Single item measure 

used to assess health 

care utilization. May be 

incomplete.      

• Low response rate: 
potential sampling bias 
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Hamilton et 

al.53 

Immigrant Legal Status 

and Health: Legal 

Status Disparities in 

Chronic Conditions and 

Musculoskeletal Pain 

Among Mexican-Born 

Farm Workers in the 

United States 

Lifetime, 

diagnosed chronic 

conditions         

Musculoskeletal 

pain in the last 

year 

+ 

 

 

+ 

Lifetime diagnosis of at least one 

chronic condition: 6.4 % of 

unauthorized immigrants vs. 16.8 % 

authorized immigrants 

Musculoskeletal pain: 15% of 

unauthorized immigrants vs. 21% of 

authorized immigrants 

• Unauthorized 

immigrants have less 

access to health care, less 

opportunity to have 

chronic condition 

diagnosed. 

• Information is collected 

on the worksite, 

unauthorized immigrants 

may have greater fear of 

retaliation and less likely 

to report a health 

problem   

• Limited generalizability 

Iten et al.54 Undocumented 

Immigration Status 

and Diabetes Care 

Among Mexican 

Immigrants In Two 

Immigration 

''Sanctuary'' Areas 

Hemoglobin A1C 

Systolic blood 

pressure  

Low-density 

lipoprotein 

0 

0 

 

0 

Undocumented immigrants vs. 

documented immigrants vs. US-born 

citizens for all results: 

Hemoglobin A1C (%): 8.45 vs. 7.98 vs. 

8.7 

Systolic blood pressure (mmHg): 

126.07 vs. 130.2 vs. 130.46  

Low-density lipoprotein (mg/dL): 88.29 

vs. 89.70 vs. 94.28    

• Limited generalizability 

• Cross-sectional data 

• Small sample size (and 
low power for some 

analyses) 

Linden et 

al.55 

Kidney Transplantation 

in Undocumented 

Immigrants With ESRD: 

A Policy Whose Time 

Has Come? 

Coronary heart 

disease 

Diabetes 

+ 

 

+ 

Undocumented immigrants vs. 

documented immigrants for all results: 

Coronary heart disease: 7% vs. 33% 

Diabetes mellitus: 40% vs. 68% 

• Limited generalizability 

• Younger undocumented 
population 

Madden et 

al.56 

Dialysis Hospitalization 

Inequities by Hispanic 

Ethnicity and 

Immigration Status 

Likelihood of 

receiving 

emergent vs. 

scheduled dialysis 

during first 

emergency 

department visit 

- AOR = 3.49, 95% CI 1.03, 11.81  • Interpreter use as proxy 
for immigration status (if 

provider is bilingual, may 

not need interpreter) 

• Length of stay 
imprecise 

- Limited generalizability 

Raghavan et 

al.57 

Descriptive Analysis of 

Undocumented 

Residents with ESRD in 

a Public Hospital 

System 

Diabetes + Undocumented immigrants vs. US-born 

citizens for all results: 

Diabetes: 35% vs. 68% 

• Limited generalizability 

• Cross-sectional data 

• Younger undocumented 
population 

Ruhnke et 

al.58 

 

A healthy migrant 

effect? Estimating 

health outcomes of 

the undocumented 

immigrant population 

in the United States 

using machine learning 

Fair/poor self-

rated health 

Any chronic 

conditions 

Obesity 

 

+ 

+ 

+ 

Undocumented immigrants had 26% 

lower odds of reporting poor or fair 

health, 23% lower odds of having been 

diagnosed with any chronic conditions 

and 8% lower odds of being obese 

 

• Cannot be verified that 

individuals assigned 

"undocumented" truly 

are, leading to possible 

mis-specification. 

• Cross-sectional data 

Shen et al.59 Association of 

Citizenship Status With 

Kidney Transplantation 

in Medicaid Patients 

All-cause 

transplant failure 

+ Undocumented immigrants compared 

to US-born citizens for all results: 

All-cause transplant failure: Adjusted 

HR 0.56, 95% CI 0.41, 0.76  

• Limited generalizability 

• Cross-sectional data 

• Younger undocumented 
population 
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 The nine measures on which undocumented individuals fared worse than documented 

immigrants or US citizens came from three studies. Coritsidis et al. found that undocumented 

individuals had: higher creatinine levels, a measure of kidney function with higher  levels meaning 

more impaired kidney function (11.9mg/dL vs. 9.9mg/dL, p=0.03); higher blood pressure (mean 

arterial pressure of 119.9mmHg vs. 108.9mmHg, p=0.001); lower glomerular filtration rates, a 

test of kidney function with lower levels meaning worse filtration by the kidneys 

(5.5mL/min/1.73m2 vs. 6.3mL/min/1.73m2); higher magnesium levels (2.43mg/dL vs. 2.21mg/dL, 

p=0.008); higher alkaline phosphatase levels (136 vs. 111, p=0.03); and higher albumin levels 

(3.26g/dL vs. 3.0g/dL, p=0.04). It should be noted, however, that none of the levels for either 

group in the last three outcomes (magnesium, alkaline phosphatase, and albumin) are high 

enough to be of any real medical concern. Do et al. found that undocumented immigrants with 

diabetes had worse healthcare utilization (12.4% utilizing health services in the last six months 

vs. 69.2%) and less likelihood of self-reporting a health status of excellent or good health (AOR = 

0.3, 95% CI 0.18, 0.80). Finally, Madden et al. found undocumented individuals at much higher 

odds of being placed on emergent vs. scheduled dialysis upon first admittance to the emergency 

department, meaning they were in particularly poor condition upon arrival (AOR = 3.49, 95% CI 

1.03, 11.81). 

The three measures on which there was no difference for undocumented individuals 

compared to documented individuals or US-born citizens came from one study. Iten et al. found 

no statistical difference for undocumented individuals in: hemoglobin A1c, a measure of blood 

sugar (8.4% compared to 8.7% in U.S.-born citizens, p=0.41, and 7.98% in documented 
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immigrants, p=0.06); systolic blood pressure (126.1mmHg compared to 130.5 in U.S.-born 

citizens, p=0.07, and 130.2 in documented immigrants, p=0.06); and low density lipoprotein 

cholesterol (88.3mg/dL compared to 94.3mg/dL in U.S.-born citizens, p=0.2, and 89.7mg/dL in 

documented immigrants, p=0.8). 

 Finally, the nine measures on which undocumented immigrants fared better than 

documented immigrants were found in three studies. Hamilton et al. found better outcomes for 

undocumented immigrants in the percent of individuals who have had a diagnosed chronic 

condition in their lifetime (6.4% compared to 16.8%, p<0.001), and prevalence of individuals 

reporting musculoskeletal pain in the last year (15.1% compared to 21.2%, p<0.001). Linden et al. 

found lower rates, in undocumented individuals, of coronary heart disease (7% compared to 33%) 

and diabetes mellitus (40% compared to 68%). Raghavan et al. also found lower rates of diabetes 

in undocumented individuals (35% compared to 68%). Ruhnke et al. found that Undocumented 

immigrants had 26% lower odds of reporting poor or fair health (p < 0.001), 23% lower odds of 

having been diagnosed with any chronic conditions (p < 0.001), and 8% lower odds of being obese 

(p < 0.01). Finally, Shen et al. found lower rates of all-cause transplant failure for undocumented 

individuals (adjusted HR 0.56, 95% CI 0.41, 0.76). 

Discussion 

 In this first scoping review on the chronic health outcomes of undocumented immigrants 

compared to documented immigrants or U.S.-born citizens, we found relatively few articles that 

have studied this question. The increasing number in the last several years is somewhat 

encouraging, even if the overall number remains low. 
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 Evidence for differential health outcomes based on immigration status was mixed, which 

was in contrast to the relatively clear background literature on barriers to undocumented 

individuals’ accessing care, and lack of insurance and regular source of care. Three studies, 

comprising 43% of the 21 health outcomes examined, found evidence of poorer health outcomes 

for undocumented individuals.  Five studies, examining nine outcomes, found evidence of better 

health outcomes for undocumented individuals. The final study, examining three outcomes, 

found no difference. There are several possibilities why the studies included in this review do not 

align with background research findings.  

First are the methodological limitations of the nine studies. Eight of the studies used 

proxies or indirect methods of identifying documentation status that might not be entirely 

reliable, while one study did not disclose their method of identifying undocumented immigrants. 

Most studies also relied on small samples, especially the undocumented immigrant population – 

with the associated analytic problems of small sample sizes and potential bias they carry. Of 

particular concern was that of representativeness or generalizability. Five of the studies were 

focused on individuals with End Stage Renal Disease, and one on farmworkers. Of the final three 

that might be considered from the general public, one of them was a convenience sample from 

two “sanctuary cities”, places that have statutes limiting the reporting of the documentation 

status of individuals seeking health services. It is possible that individuals included in most of 

these studies differ, in meaningful ways, from the larger population and their outcomes are not 

generalizable to most other undocumented individuals. Undocumented immigrants were also, on 

average, approximately ten years younger than the comparator group in the six studies that broke 
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out age characteristics for the comparison groups, which seems a likely contributor to a healthier 

state. 

A second potential reason that the studies did not find stronger support for poorer health 

outcomes in undocumented immigrants compared to documented immigrants or US citizens is 

linked to the idea of immigrant health selectivity. This refers to how immigrants tend to differ 

from non-migrants because of the challenges associated with migration, and how immigrants, 

even if undocumented, might have, on average, better health than the average US-born citizen, 

or comparable health characteristics as documented immigrants to which they are compared in 

individual studies. This is because the costs of migration select on good health as well as on other 

characteristics that might be associated with good health, such as self-efficacy.60 Individuals who 

migrate tend to have differences in resources, networks, and opportunities than those who do 

not migrate or are unable to. In essence, individuals who migrate might be healthier than those 

who do not. As with the methodological limitations detailed above, this again might lead to a 

skewed sample that may not be generalizable to a larger population, which is an issue when only 

one study (Hamilton et al.) controls in any way for possible positive health selectivity.  

Finally, only two of the nine studies account for length of time spent in the US since 

immigration. Undocumented immigrants have spent less time, on average, than documented 

immigrants,61 let alone US citizens. As acculturation and longer time in the US is associated with 

worse health outcomes – likely as a result of stress, cumulative disadvantage, and adoption of 

unhealthy behaviors common in the country of residence62 – it is possible that the undocumented 

immigrants in several of the studies are more recently arrived, and are therefore likely healthier 

compared to an earlier-arrived, documented immigrant population or US citizen.    
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Strengths and Limitations of this Review 

 The present scoping review provides an overview of the published knowledge of health 

outcomes for undocumented immigrants with chronic conditions compared to documented 

immigrants or US-born citizens. The main strength of this review is its methodological approach, 

which utilized the systematic framework recommended in the PRISMA checklist for scoping 

reviews (PRISMA-ScR).50 This methodology is useful for topics such as this with relatively few 

studies and to identify gaps in knowledge. 

Although a thorough search for literature in a number of databases as well as hand-

searches was conducted, there is a possibility that all studies relevant for the review scope were 

not identified. We did not contact the authors of any studies to provide answers to questions we 

may have had in the review process. We also decided to limit our inclusion to quantitative studies, 

as qualitative studies on the subject seemed to be patient experiences and limited to one, or less 

than five, individuals per study. This might be a limitation to the number and breadth of results, 

but this decision was made to ensure that our review was not a review of case studies, which 

requires a separate methodology.63  

Conclusions 

 Undocumented individuals face significant barriers to accessing the same level of health 

care for their chronic conditions compared to documented immigrants and US-born citizens. It is 

unclear from the published literature if this translates to poorer health outcomes. There are few 

studies that have addressed this question, however, and there has been little structure about 

what health outcomes to assess, what populations to include, and what methodology should be 
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used. Given the paucity of research on the topic, and the numerous methodological limitations 

of the studies included in this article, further research is warranted. This seems particularly true 

when weighed against the high human cost of chronic diseases, and the more than ten million 

undocumented immigrants in the US.  

Table 5. Excluded papers read in full-text, and reason for exclusion from scoping review 

First Author, Year Title Reason for Exclusion 

Balakrishnan, 201964 

The Undocumented Elderly: Coverage 

Gaps and Low Health Care Use 

Commentary/Narrative 

 

Bohan, 200565 Illegal immigrants with ESRD: The impact 
on U.S. and Canadian health care facilities 

Full text not available 
 

Cantu, 201366 New estimates of racial/ethnic 
differences in life expectancy with chronic 

morbidity and functional loss: evidence 
from the National Health Interview 

Survey 

Wrong patient 
population 

 

Carrillo, 201167 A Regional Health Collaborative Formed 
By New York-Presbyterian Aims To 

Improve The Health Of A Largely Hispanic 
Community 

Wrong patient 
population 

 

Cervantes, 201968 The Status of Provision of Standard 
Outpatient Dialysis for US Undocumented 

Immigrants with ESKD 

Commentary/Narrative 

Cervantes, 201869 Circumstances of Death among 
Undocumented Immigrants Who Rely on 

Emergency-Only Hemodialysis 

Wrong comparator 

Cervantes, 201870 Association of Emergency-Only vs 

Standard Hemodialysis With Mortality 
and Health Care Use Among 

Undocumented Immigrants With End-
stage Renal Disease 

Wrong comparator 

De Jesus Diaz-Perez, 
200471 

A program to improve access to health 
care among Mexican immigrants in rural 

Colorado 

Wrong patient 
population 

Garcini, 201872 
 

Health-related quality of life among 
Mexican-origin Latinos: the role of 

immigration legal status 

Wrong outcomes 
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Hogan, 201773 Emergent Dialysis and its Impact on 

Quality of Life in Undocumented Patients 
with End-Stage Renal Disease 

Wrong study design 

Hsueh, 201874 Associations between immigrant status 
and pharmacological treatments for 

diabetes in U.S. adults 

Wrong patient 
population 

Kang, 201575 Perceptions of affordability of care and 
access to information about health 

insurance among immigrants after 
Massachusetts health reform 

Full text not available 

Lee, 201876 The prevalence and impact of diabetes 
mellitus among undocumented 

immigrants in an indigent care program in 
Riverside, California 

Full text not available 

Ortega, 201577 When politics trumps health: 

Undocumented Latino immigrants and US 
health care 

Commentary/Narrative 

Peota, 201778 Care in the shadows: The challenges for 
undocumented immigrants 

Commentary/Narrative 

Ross, 201979 Association between immigration status 
and anxiety, depression, and use of 
anxiolytic and antidepressant 

medications in the Hispanic Community 
Health Study/Study of Latinos 

Wrong concept 
 

Sher, 201780 Healthcare outcomes in undocumented 
immigrants undergoing two emergency 

dialysis approaches 

Wrong comparator 

Thomsen, 201581 Caring for the Uninsured, Undocumented 
Population: Challenges of Chronic Disease 

Management and Access to Care 

Commentary/Narrative 
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CHAPTER 3: DEVELOPMENT AND INTERNAL VALIDATION OF THREE MULTIVARIABLE 

PREDICTION MODELS OF HISPANIC IMMIGRANT DOCUMENTATION STATUS UTILIZING TWO 

SAMPLES IN ARIZONA 

Abstract 

Research on undocumented populations is sparse, both because documentation status is 

rarely ascertained in studies, and because undocumented individuals are less likely overall to 

participate in research studies. A better understanding of the health of these individuals is 

important, though, and one method that has been proposed to examine outcomes for this 

group without putting them at additional risk is through predictive modelling.  

 Utilizing combined data from two population-based samples in Arizona in which 

documentation status were collected, three prediction models of documentation status were 

created and internally validated. Models created used multiple imputation by chained equations 

(MICE), and two machine learning algorithms: random forests machine learning and support 

vector machine. Predicted documentation status was modelled from demographic, health 

behaviors, and disease status indicators commonly collected in public health research studies. 

The performance of each model was assessed in terms of accuracy, precision, recall, and 

Matthews correlation coefficient. 

 The combined sample consisted of 473 individuals, of whom 85 were undocumented. 

The sample included 209 men and 263 women, aged 20 to 83 years of age at the time of their 

participation in the respective studies. The MICE model had the lowest rates of accuracy 

(64.3%), precision (0.81), recall (0.74), and MCC (-0.07). The random forests model was slightly 

better with an accuracy of 73.1%, precision of 0.82, recall of 0.86, and MCC of 0.002. The 
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support vector machine was the strongest in all categories, with an accuracy of 90.7%, precision 

of 0.90, recall of 0.99, and MCC of 0.66. 

Utilizing predictive models could protect the safety of vulnerable individuals as well as 

make possible investigation into potentially undocumented individuals in settings where it 

would be impractical or impossible to gather information on documentation status first-hand. 

The results of the current analysis demonstrate some promise and further investigation, 

particularly the support vector machine model. 
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Background 

Of the 11.3 million undocumented immigrants in the US, more than 8.6 million (76%) are 

Hispanic.82 Undocumented immigrants are often forced to forego medical care due to lack of 

insurance,7 experiences of discrimination or mistrust of the health care system,8,9 or fear of 

deportation,43 and receive more infrequent and worse care than documented immigrants or U.S. 

citizens.10-12 Fears related to their immigration status also makes undocumented individuals less 

likely to participate in research studies,29 making them a challenging group to study directly.  

Research on undocumented populations has been hindered by the lack of data on 

immigrant legal status in the types of large-scale, nationally-representative survey data 

generally used to answer many health and economic questions.19 One reason that studies omit 

questions on documentation status is the possibility of putting undocumented respondents at 

risk if they respond honestly, and data including direct or indirect identifiers are somehow 

released to or requested by government agencies.20,21 For this reason, proxy measures of 

immigration status have been recommended for use in research studies attempting to better 

understand immigrant health. Preliminary research has shown that predictive modeling is an 

effective approach to address these concerns without putting undocumented individuals at 

additional risk.29 

Our approach utilized a methodology developed for previous predictive models of 

immigrant documentation status that have been used to answer economic questions (multiple 

imputation by chained equations),19,29 and two machine learning methods (random forest and 

support vector machine). The setting of the study groups used for this prediction model 

(Southwestern US) positions it well for better understanding Hispanic undocumented 
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immigrants.  The objectives of this study are to develop and internally validate three predictive 

models of documentation status for Hispanic immigrants in the Southwestern US.  

 

Methods 

Source of Data 

Data for this project comes from two population-based samples from 2013 to 2014 in 

Tucson and Yuma, AZ, and includes 473 total individuals.83,84 Participants were recruited from 

two majority Hispanic neighborhoods (Tucson study)12 or farmworker communities (Yuma 

study).11 Participants in the Tucson study were selected from community residents, with those 

in the Yuma study drawn from randomly selected households within specific census blocks from 

low-income communities. A range of demographic, health behaviors, and disease status 

indicators were collected in each cross-sectional study examining the effects of stress on mental 

and physical health outcomes in border communities (Figure 2). In both studies, participants 

self-reported their documentation status. All participants from the Tucson and Yuma studies 

were used in the creation of the prediction models.  
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Figure 2. Study sample pooling for prediction models 

 

Measures 

Individual documentation status, a binary variable of documented or undocumented, 

was the outcome of our prediction mode. While documentation status was known for the entire 

sample, it was randomly assigned as “missing” for 50 percent of the sample, with the known 

values of documentation status for this 50 percent forming the basis of comparison between 

the predicted values and the observed values to gauge the models’ performance. 

Predictors taken from each study and used in the prediction models included 

demographic, health behavior, and disease status indicators. Age was recorded as a continuous 

variable and was measured in years. Categorical variables included were: sex (male or female); 

insurance status (insured or uninsured); overall health (excellent, very good, good, fair, or poor); 

marital status (single, married, or other); education level (never attended, completed grade 8 or 

less, completed grades 9-11, high school diploma or equivalent, completed some college, and 

college graduate); tobacco use (current smoker, former smoker, never smoker); as well as 
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previous diagnosis (yes/no) of each of the following conditions: hypertension, asthma, and 

diabetes. 

All predictors were self-reported by Tucson and Yuma study participants during 

interviews with trained study staff.  

Statistical Analysis 

Three prediction models were created and evaluated to determine the best approach for 

identifying documentation status. In the first model, documentation status was predicted using 

combined sample multiple imputation (CSMI), a method utilized in economics literature that 

aims to impute the immigration status of noncitizens in surveys lacking questions about 

immigration status.29,85-87 Documentation status and all predictors listed above from each study 

were combined into one sample. Documentation status was randomly assigned as “missing” for 

50 percent of the sample. Multiple imputation by chained equations (MICE) was then used to 

predict documentation status for the 50 percent of the sample for which it was “missing”, 

utilizing all predictors listed above. MICE specifies a suitable conditional imputation model for 

each incomplete variable and iteratively imputes until convergence.88 It has shown large 

efficiency gains and substantial reduction in omitted variable bias compared to other imputation 

techniques and has been the preferred method of imputing the immigration status of 

noncitizens into surveys lacking questions on immigration status.86,87  

The next two models utilized machine learning algorithms. In both, the data was split in 

two, with one half acting as the training data set to develop the algorithms, and the other half 

acting as the testing data set to refine the algorithms’ performance. In the first of these 
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algorithms, we utilized random forests, which is a non-linear model aggregating the results of a 

series of tree structure classifiers, or decision trees, in which each tree depends on the values of 

a random vector sampled independently and with the same distribution for all trees.89,90 

Random forests generally demonstrate high levels of accuracy, manage outliers and noise well, 

and are resistant to overfitting. In this model, we used 500 trees, with the node-size set to 

default, and 20 variables tried at each split.91 The final model, and the second machine learning 

algorithm, was a support vector machine, which is a highly robust prediction method in which 

input vectors are non-linearly mapped to a high dimension linear decision surface.92 It 

demonstrates high generalization and flexibility, and is also resistant to over-fitting.93 

Performance 

All models were assessed in terms of accuracy, precision, recall, and Matthews 

correlation coefficient. Accuracy is the rate at which the classifier is correct, or the level of 

agreement between predictions from the model and observed outcomes, in this case the 

predicted documentation status.94 Accuracy is defined as the sum of the number of true 

positives and true negatives, divided by the total number of observations, and ranges from 0 

percent to 100 percent with higher numbers indicating better accuracy. While it can trend 

towards overoptimism on the ability of the models to classify the majority class in an 

unbalanced data set (which ours was, with the number of undocumented individuals smaller 

than the number of documented individuals), it was included here, following traditional 

reporting methods.   
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Recall, also known as the true positive rate or sensitivity, corresponds to the number of 

true positives divided by the sum of true positives and false negatives (in this case 

undocumented status). Values range from 0 to 1, with higher values demonstrating better recall. 

Precision is the number of true positives divided by the sum of true positives and false positives 

(also undocumented status). Similar to recall, values range from 0 to 1, with higher values 

demonstrating better precision.  

Matthews correlation coefficient is a special case of the phi coefficient.95,96 It is a more 

reliable statistical rate than the F1 score, which is commonly used, and only produces a high 

score with all of the following: high proportions of true positives and true negatives, and low 

proportions of false negatives and false positives.96 It is resistant to the overoptimism problems 

of accuracy and is generally viewed as a means of overcoming class imbalance issues.19 It ranges 

from -1 (complete misclassification) to 1 (perfect classification). 

All analyses were completed in R (version 4.1.2).97 

Results 

Baseline characteristics 

The combined sample consisted of 473 individuals, of whom 85 were undocumented. 

The sample included 209 men and 263 women, aged 20 to 83 years of age at the time of their 

participation in the respective studies. Participants in the Tucson study had a higher proportion 

of undocumented individuals (33.9% to 8.7%, p < 0.001), and females (67.8% to 48.5%, p< 

0.001) compared to individuals in the Yuma study. Tucson participants were also more likely to 

be single (21.3% to 11.8%, p < 0.001) were more educated (p < 0.001), reported higher good or 
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better overall health (75.9% to 62.2%, p < 0.001) and a larger proportion that had never smoked 

(70.6% to 21.4%, p < 0.001) compared to individuals in the Yuma study. Rates between the two 

studies were similar for age, insurance status, and previous diagnosis of each of diabetes, 

hypertension, and asthma (Table 6). 

Table 6. Descriptive statistics, stratified by study group, of key study characteristics of 

participants in two Southwest studies examining the effect of stress on mental and physical 

health outcomes 

Characteristic 

Carvajal, et al. 
2013 

(Tucson, AZ) 
N = 174 

Carvajal, et al. 2014 
(Yuma, AZ) 

N = 299 p-value 

Undocumented, n (%) 59 (33.9) 26 (8.7) < 0.001 

Female, n (%) 118 (67.8) 145 (48.5) < 0.001 

Age, mean (SD) 46.2 (15.0) 44.3 (11.1) 0.06 
Marital Status    
     Single, n (%) 37 (21.3) 35 (11.8) < 0.001 
     Married, n (%) 108 (62.1) 239 (80.5)  

     Other, n (%) 29 (16.7) 23 (7.7)  
Education Level   < 0.001 

     Never attended, n (%) 3 (1.8) 3 (1.0)  

     Grades 1-8, n (%) 21 (12.5) 246 (82.3)  
     Grades 9-11, n (%) 46 (27.4) 47 (15.7)  
     High school diploma or GED, n 
(%) 46 (27.4) 3 (1.0)  

     Some college, n (%) 36 (21.4) 0 (0)  
     College degree or above, n (%) 16 (9.5) 0 (0)  

Insurance   0.07 
     Yes, n (%) 106 (62.0) 160 (53.5)  

     No, n (%) 65 (38.0) 139 (46.5)  

Overall health   < 0.001 
     Excellent 19 (11.2) 14 (4.7)  

     Very good 40 (23.5) 36 (12.0)  
     Good 70 (41.2) 136 (45.5)  

     Fair 31 (18.2) 109 (36.5)  

     Poor 10 (5.8) 4 (1.3)  

Tobacco use   < 0.001 

     Never smoker, n (%) 120 (70.6) 64 (21.4)  
     Former smoker, n (%) 23 (13.5) 45 (15.1)  
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     Current smoker, n (%) 27 (15.9) 190 (63.6)  

Previous diagnosis of:    
     Diabetes, n (%) 32 (18.8) 48 (16.1) 0.51 

     Hypertension, n (%) 40 (24.1) 64 (21.4) 0.69 
     Asthma, n (%) 16 (9.3) 16 (5.4) 0.11 

 

Accuracy, Precision, Recall, and Matthews Correlation Coefficient 

Table 7 details the accuracy, precision, recall, and Matthews correlation coefficient 

(MCC) of the three models. The model using MICE had the lowest rates of accuracy (64.3%), 

precision (0.81), recall (0.74), and MCC (-0.07). The random forests model was slightly better in 

all metrics with an accuracy of 73.1%, precision of 0.82, recall of 0.86, and MCC of 0.002. The 

support vector machine was the strongest in all categories, with an accuracy of 90.7%, precision 

of 0.90, recall of 0.99, and MCC of 0.66. Both the MICE and random forests models had 

relatively high false positive rates (19.5 and 13.9%, respectively) and very high false negative 

rates (86.8% and 85.9%, respectively), which led to very low MCCs. A similar rate of false 

positives (19.4%) combined with a very low false negative rate (0.5%) led to a much higher MCC 

for the support vector machine model.  

Table 7. Internal validation evaluation metrics for three models predicting undocumented status 

from two Southwest studies examining the effect of stress on mental and physical health 

outcomes 

  Accuracy Precision Recall 

Matthews Correlation 

Coefficient 

MICEa 64.3% 0.81 0.74 -0.07 

Random Forests 73.1% 0.82 0.86 0.002 

Support Vector Machine 90.7% 0.9 0.99 0.66 

a. MICE = Multiple Imputation by Chained Equations 
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Discussion 

The predictive models utilizing MICE and random forests fared poorly in all evaluation 

metrics. The support vector machine model, though, exhibited high levels of accuracy, precision, 

recall, and MCC, showing a strong association between predicted and actual documentation 

status for this group of Hispanic individuals. The high MCC in particular demonstrates the 

strength of the support vector machine model. While the MICE and random forests models do 

not appear to produce results worth further investigation, at least within this population, the 

support vector machine model demonstrated enough promise to justify its use in a new 

population. 

These models were developed to aid in further research into Hispanic undocumented 

populations. Given the sensitive nature of documentation status, it may not be feasible or 

advisable for researchers to gather that information regularly or directly from participants. 

While there is a burgeoning literature on this population and the development of predictive 

models of documentation status within other disciplines, it remains almost entirely 

undeveloped within health sciences. With the challenges of collecting documentation status, 

the ability to utilize a proxy created via predictive modeling is useful.  

Because of their vulnerable status, better understanding this population is important, 

especially if it is possible to do so via means that do not put individuals at direct risk or require 

identifying information. As these predictive models are built utilizing basic demographic,  health 

behavior, and health outcome variables readily available in population and community research 



48 
 

projects, they would be widely adaptable and could be utilized to help researchers gain a better 

understanding of the health status or health outcomes of a range of diseases experienced by 

potentially undocumented Hispanic individuals.  

Strengths and Limitations 

The current prediction model complements and builds upon established prediction 

models for undocumented status used in economics and demonstrates the feasibility of 

incorporating health behavior and health outcome variables in models related to 

documentation status.  While the model used in economics (MICE) fared relatively poorly, the 

usage of machine learning, particularly support vector machine algorithms showed significant 

promise. One benefit of the current study is the assessment of the model’s performance via 

precision, recall, and Matthews correlation coefficient, which is not something typically done 

with CSMI within economics literature as documentation status in one of the samples is always 

unknown. Finally, the current analysis builds from predictive modeling related to 

documentations status from a different discipline and found that while MICE may be useful and 

accurate in economics, the integration of health behavior and health status variables in addition 

to ones typically used previously appears to have had deleterious effects on its applicability to 

health data. 

This study is subject to several limitations. First, each model uses split-sample validation, 

in which the data set was divided into two, and half of it was used to create the prediction 

model, and the other half to validate it. This has efficiency losses because it does not use all 

available data for the model development.98. Secondly, these models were created using 
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samples from southern Arizona. These specific models, and the predictors used to create it, 

might have limited generalizability to different populations, and future researchers would likely 

need to validate it for their own populations. Finally, these models were not able to be 

externally validated, and would benefit from further validation with an unrelated data set in 

which documentation status and all predictor variables are known. 

The support vector machine algorithm in particular shows promise and seems a fruitful 

area of further research. While the rate of false positives remained relatively high, the effect of 

this in a real-world analysis may have minimal impact on the overall results. Because 

documented individuals are, relatively, healthier than undocumented individuals, incorrectly 

assigning an undocumented status to an individual who is not undocumented will likely only 

attenuate the effect of the object of study. This could lead to higher p-values and make it more 

difficult to determine statistical significance, but attenuating an effect towards the null is 

preferable to moving it away from the null in the opposite direction, which could happen with 

false negatives. The extremely low rate of false negatives, therefore, is encouraging, and overall 

support vector machine algorithms appear to warrant further investigation. 

 

Conclusions 

The expansion of predictive modeling of documentation status into health sciences 

presents a unique method for understanding the profile and potential needs of undocumented 

individuals. Utilizing predictive models could protect the safety of vulnerable individuals as well 

as make possible investigation into potentially undocumented individuals in settings where it 
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would be impractical or impossible to gather information on documentation status first-hand. 

The results of the current analysis demonstrate some promise and further investigation, and 

application, of these models appear warranted.  
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CHAPTER 4: HEALTHCARE UTILIZATION FOR THE TREATMENT OF SARS-COV-2 INFECTIONS BY 

PREDICTED UNDOCUMENTED IMMIGRANTS IN A COHORT OF ESSENTIAL WORKERS IN 

ARIZONA 

Abstract 

Background: Demands on health systems due to COVID-19 are substantial, and undocumented 

immigrants face particular vulnerabilities in the pandemic that warrant examination. Drivers of 

healthcare utilization are not well defined in non-severe SARS-CoV-2 infections. Among a 

prospective cohort of frontline workers from July 2020 to February 2023, we examined 

differences in healthcare utilization during SARS-CoV-2 infection for predicted undocumented 

immigrants as well as overall factors associated with utilization. 

Methods: Predicted documentation status was assigned by a support vector machine model. 

Weekly specimens tested via real-time reverse transcriptase polymerase chain reaction analysis. 

Participants reported sociodemographic, health status information, and illness experience 

information. Primary outcome was healthcare utilization during SARS-CoV-2 infection. 

Predictors included sociodemographic characteristics, baseline health status, and measures of 

illness severity. Multivariable logistic regression was utilized to generate odds ratios for 

predictors of healthcare utilization. 

Results: Between July 2020 and February 2023, a total of 466 SARS-CoV-2 infections occurred in 

1,074 Hispanic AZ HEROES participants, 51 (10.9%) of which were in participants predicted to be 

undocumented: 292 (62.7%) individuals were between 40-65 years old; 263 (56.4%) were 

female; 115 (24.7%) individuals sought medical care for treatment of their infection.  
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In adjusted and unadjusted models, predicted documentation status was not associated with 

whether a participant sought medical care for their infection. Number of days spent in bed (OR 

1.39, 95% CI 1.06 – 1.97) and illness duration (OR 1.02, 95% CI 1.01 – 1.07) were positively 

associated with healthcare utilization during the Wuhan/Alpha predominance. During the 

Omicron predominance, number of illness symptoms (OR 1.17, 95% CI 1.04 – 1.33) and illness 

duration (OR 1.01, 95% CI 1.00 – 1.03) were positively associated with healthcare utilization. 

Conclusion: Findings of the current analysis that differential utilization of healthcare services by 

documentation status were not present in our cohort and should be explored in additional 

cohorts. Of factors associated with healthcare utilization for SARS-CoV-2 infection (symptom 

severity and duration), practices and therapeutics aimed at decreasing these factors would be 

most helpful in easing the burden on health systems. 
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Background:  

The COVID-19 pandemic has placed an unprecedented demand on the US health care 

system and continues to be a substantial burden at the system and individual level. Since August 

2020, 6.15 million people in the US were admitted to hospitals for COVID-19.99 While the risk of 

death from the Omicron (B.1.1.529) variant is lower than previous variants, the overall number 

of cases, emergency department visits, and hospital admissions is higher.100,101 Healthcare 

utilization and COVID-19 outcomes are not uniform, and a better understanding of individuals 

who may require care following SARS-CoV-2 infection is important,102 particularly among 

vulnerable groups. 

An estimated 8.6 million undocumented immigrants do not have health insurance in the 

US,103,104 and are therefore more likely to not have primary care providers and rely on 

emergency departments for their care.105 Early reports during the pandemic indicated that 

many undocumented individuals were unable or unwilling to seek care for SARS-CoV-2 infection 

due to lack of health insurance.106 Differences by age, race, ethnicity, gender, underlying 

medical conditions, and insurance status have also all been associated with rates of delaying 

medical care and overall healthcare utilization once medical care is sought.107-109 It is unclear, 

however, if these findings have persisted throughout the pandemic, or in settings where 

longitudinal follow-up is possible. 

Some limited studies found that SARS-CoV-2 testing rates were lower, and rates of 

infection and severe morbidity due to SARS-CoV-2 infection were both higher among foreign-

born individuals compared to native US citizens.110-112 Building on previous literature related to 
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other diseases,113-116 it has been posited that limited access to healthcare services is one of, if 

not the most important factors in lower health outcomes, and these this might be exacerbated 

during the COVID-19 pandemic.117 However, research testing this hypothesized relationship has 

not been conducted. Given the lack of published studies, the urgency of better understanding 

the COVID-19 pandemic and factors that influence outcomes from SARS-CoV-2 infection – 

especially for a group as numerous and vulnerable as undocumented immigrants – 

implementing the support vector machine predictive model from the previous chapter in a data 

set of a COVID-19 longitudinal cohort study is warranted.  

The study chosen was the Arizona Healthcare Emergency Response and Other Essential 

Workers Surveillance (AZ HEROES) Study –  a longitudinal cohort study of over 4,200 essential 

workers in Arizona.118 The primary objective of this analysis was to examine differences in 

healthcare utilization for predicted undocumented Hispanic essential workers who experienced 

SARS-CoV-2 infection in this cohort. In an exploratory analysis, we examined predictors of 

healthcare utilization and differences by predicted documentation status, sociodemographic 

characteristics, health status, and illness experience.  

Methods 

Study design and population 

The AZ HEROES study began in July 2020 as a longitudinal, prospective cohort funded by 

the Centers for Disease Control and Prevention (CDC), recruiting over 4200 essential workers in 

Arizona.118 Data collected through April 5, 2023, were included in this analysis. Enrollment 

groups included healthcare personnel, first responders, and other essential workers (e.g., 



55 
 

individuals working in education, retail, food service, hospitality, infrastructure, manufacturing, 

utility, and transportation) across the state of Arizona who worked a minimum of 20 hours per 

week and had regular close-contact exposure to coworkers or the public. All study participants 

provided written informed consent, and the study protocol was reviewed and approved by the 

University of Arizona IRB and the CDC.  

Data Collection 

 Upon enrollment, participants reported sociodemographic information (including 

gender, age, race/ethnicity, education, and occupation), health information (including medical 

conditions, height and weight, tobacco use, and daily medications use), and SARS-CoV-2 

infection history. Each week, participants completed text message surveys and reported onset 

of COVID-like symptoms – including fever, chills, cough, shortness of breath, sore throat, 

diarrhea, muscle aches, or a change in smell or taste. 

Participants also submitted self-collected mid-turbinate nasal swabs each week of study 

participation. If participants experienced an onset of illness with COVID-like symptoms outside 

their regular swab collection, they completed an additional illness swab. Both weekly and illness 

swabs were tested by Marshfield Clinical Research Laboratories (Marshfield, WI, USA) via 

quantitative reverse-transcriptase-polymerase-chain-reaction (RT-PCR) assays to detect the 

presence of SARS-CoV-2.119 Whole-genome sequencing, to determine variant of infection, was 

completed on specimens positive for SARS-CoV-2 with a cycle threshold value <30 (the number 

of cycles required for the fluorescent signal to cross the threshold or exceed background level). 

For specimens positive for SARS-CoV-2 but ineligible for sequencing – those with a cycle 
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threshold ≥30 – variant was assigned using the date of infection and which variant accounted 

for more than 50% of infections according to CDC data.120 

Participants who reported symptoms during weekly surveillance, submitted an illness 

swab, or submitted any sample that was positive for SARS-CoV-2 were prompted to complete an 

acute illness survey, an illness update survey (if the illness lasts longer than one week), and a 

final illness survey once symptoms resolved. The illness surveys gathered information on illness 

symptoms, severity (e.g., number of hours of work missed and number of days spent at least 

half in bed), medical utilization, and illness duration. 

Beginning in December 2020, participants were prompted to report uptake of the 

COVID-19 vaccines. Participants received a survey at least every eight weeks until reporting a 

completed two-dose series. Beginning in September 2021, participants who had completed 

their initial series at least eight weeks prior began receiving a survey to report COVID-19 

boosters. Participants received the survey at least every eight weeks through April 2023 to be 

able to report additional booster shots, with participants completing their initial series during 

this time also asked about boosters. Vaccination was verified by participant-provided 

vaccination cards and the Arizona State Immunization Information System, as available.  

Predictors 

 Participants who did not test positive for SARS-CoV-2 during the study period were 

excluded from analysis, as were non-Hispanic participants as the support vector machine 

prediction model was validated only for a cohort of Hispanic individuals. The primary outcome 

was healthcare utilization during the course of a SARS-CoV-2 infection. Healthcare utilization 
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was a binary variable defined as accessing medical care from an emergency department, 

hospital, outpatient clinic, telehealth, or other medical care setting, or not – as self-reported by 

participants. Healthcare utilization was derived using answers to all surveys completed by 

participants during their illness.  

The SARS-CoV-2 infection was defined as the period between onset of symptoms or 

positive SARS-CoV-2 test result (whichever came first) until the cessation of symptoms and a 

self-reported health of 90% normal health or better. The first SARS-CoV-2 infection was defined 

as those from participants who entered the study reporting no prior SARS-CoV-2 infection, and 

the first in-study positive. SARS-CoV-2 reinfections included all in-study positive infections for a 

participant who entered the study having had a prior SARS-CoV-2 infection, or all in-study 

positive infections after the first for participants entering the study having no prior SARS-CoV-2 

infection. Infections were deemed reinfections if at least 90 days had elapsed since the date of 

last positivity for any variant, or at least 45 days if the infections were two different variants.  

 The main independent variable of interest was predicted undocumented status: a binary 

variable of predicted undocumented or predicted documented/US-born assigned to each 

participant utilizing a machine learning algorithm known as support vector machine.121 Using 

the support vector machine model from chapter 3, predicted documentation status was 

assigned using predictors including gender, insurance status, overall health, marital status, 

education level, tobacco use, and previous diagnosis of each of hypertension, asthma, and type 

2 diabetes. 
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Predictors utilized in the support vector machine model were not used again in 

regression models analyzing healthcare utilization to avoid potential overfitting. Additional 

independent variables included in regression models included whether the infection was the 

participant’s first or a reinfection, vaccination status at time of infection, SARS-CoV-2 variant of 

infection (presumed or confirmed), health characteristics (number of chronic conditions, body 

mass index (BMI), and number of daily medications), and illness characteristics (number of 

symptoms, work missed, days spent in bed, and illness duration). These variables were chosen a 

priori based on previous literature104-106 or their believed theoretical association with healthcare 

utilization. 

Statistical analysis 

 Independent variables listed previously were stratified by healthcare utilization and 

predicted documentation status. Pearson’s chi-squared tests and Welch two sample t-test (an 

unequal variance t-test) were used to determine unadjusted differences between healthcare 

utilization groups with statistical significance based on p-values < 0.05. For the main analysis, 

multivariable logistic regression models with robust standard errors122 were used to ascertain if 

there were differences between individuals predicted to be undocumented compared to the 

rest of the sample, and to identify factors associated with healthcare utilization. Multivariable 

models were stratified by variant to account for differences in the timing of variant 

predominance and adjusted for all independent variables of interest. Statistical significance for 

the regression models was based on 95% confidence intervals (95% CI). All statistical analyses 

were completed using R, version 4.1.2 (2021, R Foundation for Statistical Computing, Vienna, 

Austria). 
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Results 

Participant characteristics 

 Between July 2020 and April 2023, a total of 466 SARS-CoV-2 infections occurred in 

1,074 Hispanic AZ HEROES participants, 51 (10.9%) of which were in participants predicted to be 

undocumented (Table 8). Over 78% (n = 364) of infections were from the Omicron variant, and 

it was the participant’s first infection in nearly two-thirds of cases (n = 291, 62.4%). In over one-

third (n = 184, 39.5%) of the infections, the participant was booster-vaccinated, approximately 

one quarter were unvaccinated or vaccinated with their initial series only (n = 131, 28.1% and n 

= 133, 28.5% respectively), and only 4% (n = 18) were partially vaccinated (received only one 

dose of a non-Johnson & Johnson vaccine). Sixty-three percent (n = 292) were 40-65 years of 

age and 56% (n = 263) were female. Approximately half of the cohort did not report taking any 

daily medications (n = 229, 49.1%).  

 Across all SARS-CoV-2 infections, the average illness duration was 22.9 days (SD 22.1), 

and participants missed an average of 46.4 hours of work (SD 45.5) and spent 2.8 days in bed 

(SD 3.6), with nearly half (n = 202, 43.3%) experiencing 6-10 illness symptoms.  

Factors associated with healthcare utilization 

Of all participants experiencing a SARS-CoV-2 infection during the study, 115 (24.7%) 

reported seeking medical care, and 351 (75.3%) reported they did not (Table 8). In unadjusted 

analyses, participants who did or did not seek medical care were not statistically significantly 

different based on their predicted documentation status by any characteristic.
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Table 8. Characteristics of 466 SARS-CoV-2 infections during enrollment in AZ HEROES stratified by medical utilization and predicted 
documentation status             
  

Total (N = 466) 

Did not seek medical care (n = 351, 75.3%) Sought medical care (n = 115, 24.7%) 

Characteristic 

Predicted non-

undocumented 

Predicted 

undocumented 
  

Predicted non-

undocumented 

Predicted 

undocumented 
  

(n = 314, 89.5%) (n = 37, 10.5%)   (n = 101, 87.8%) (n = 14, 12.2%)   

  

No. or 

Mean 

Col % or 

SDa 

No. or 

Mean 

Row % or 

SD 

No. or 

Mean 

Row % or 

SD p-valueb 

No. or 

Mean 

Row % or 

SD 

No. or 

Mean 

Row % or 

SD p-value 
                          

Variant of infection             0.17         0.09 

Wuhan/Alphac 69 14.8% 42 60.9% 1 1.4%   26 37.7% 0 0.0%   

Delta 34 7.3% 17 50.0% 2 5.9%   13 38.2% 2 5.9%   

Omicron 364 78.1% 255 70.1% 34 9.3%   63 17.3% 12 3.3%   

Infection number             0.34         0.18 

First infection 291 62.4% 195 67.0% 20 6.9%   69 23.7% 7 2.4%   

Reinfection 175 37.6% 119 68.0% 17 9.7%   32 18.3% 7 4.0%   

Vaccination status at 
infection 

            0.87         0.26 

Unvaccinated 131 28.1% 86 65.6% 8 6.1%   35 26.7% 2 1.5%   

Partially vaccinated 
with initial series 

18 3.9% 11 61.1% 1 5.6%   6 33.3% 0 0.0% 
  

Completed initial series 133 28.5% 90 67.7% 11 8.3%   26 19.5% 6 4.5%   

Booster vaccinated 184 39.5% 127 69.0% 17 9.2%   34 18.5% 6 3.3%   

Age             0.52         0.39 

18-39 years 168 36.1% 113 67.3% 10 6.0%   41 24.4% 4 2.4%   

40-65 years 292 62.7% 196 67.1% 26 8.9%   60 20.5% 10 3.4%   

65+ years 6 1.3% 5 83.3% 1 16.7%   0 0.0% 0 0.0%   

Gender             0.41         0.83 

Female 263 56.4% 168 63.9% 24 9.1%   62 23.6% 9 3.4%   

Male 202 43.3% 145 71.8% 13 6.4%   39 19.3% 5 2.5%   

Missing 1 0.2% 1 100.0% 0 0.0%   0 0.0% 0 0.0%   

# of chronic conditions             0.96         0.93 
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0 284 60.9% 203 71.5% 26 9.2%   48 16.9% 7 2.5%   
1 118 25.3% 78 66.1% 8 6.8%   28 23.7% 4 3.4%   
2 29 6.2% 12 41.4% 1 3.4%   15 51.7% 1 3.4%   
3 9 1.9% 4 44.4% 0 0.0%   4 44.4% 1 11.1%   
4+ 1 0.2% 1 100.0% 0 0.0%   0 0.0% 0 0.0%   
Missing 25 5.4% 16 64.0% 2 8.0%   6 24.0% 1 4.0%   

Body mass index             0.85         0.43 

Less than 18.5 3 0.6% 3 100.0% 0 0.0%   0 0.0% 0 0.0%   
18.5 - 24.9 99 21.2% 68 68.7% 9 9.1%   19 19.2% 3 3.0%   
25 - 29.9 175 37.6% 125 71.4% 14 8.0%   34 19.4% 2 1.1%   
30 - 39.9 128 27.5% 84 65.6% 9 7.0%   31 24.2% 4 3.1%   
Greater than 40 29 6.2% 15 51.7% 1 3.4%   10 34.5% 3 10.3%   
Missing 32 6.9% 19 59.4% 4 12.5%   7 21.9% 2 6.3%   

# of daily medications             0.11         0.60 

0 229 49.1% 159 69.4% 24 10.5%   38 16.6% 8 3.5%   
1 97 20.8% 68 70.1% 6 6.2%   21 21.6% 2 2.1%   
2 53 11.4% 32 60.4% 1 1.9%   19 35.8% 1 1.9%   
3 22 4.7% 12 54.5% 4 18.2%   6 27.3% 0 0.0%   
4 20 4.3% 17 85.0% 0 0.0%   2 10.0% 1 5.0%   
5+ 20 4.3% 10 50.0% 0 0.0%   9 45.0% 1 5.0%   
Missing 25 5.4% 16 64.0% 2 8.0%   6 24.0% 1 4.0%   

# of illness symptoms             0.58         0.10 

0 58 12.4% 46 79.3% 4 6.9%   8 13.8% 0 0.0%   
1-5 118 25.3% 91 77.1% 15 12.7%   12 10.2% 0 0.0%   
6-10 202 43.3% 136 67.3% 14 6.9%   47 23.3% 5 2.5%   
10+ 81 17.4% 34 42.0% 4 4.9%   34 42.0% 9 11.1%   
Missing 7 1.5% 7 100.0% 0 0.0%   0 0.0% 0 0.0%   

# of hours of work missed 46.4 45.5 38.9 28.2 38.4 28.2 0.95 63.1 67.9 44.5 38.9 0.24 

# of days spent at least 
half in bed 

2.8 3.6 2.0 2.8 1.9 1.4 0.75 4.9 4.8 2.9 4.1 0.11 

Illness duration (# of 
days) 

22.9 22.1 20.8 21.7 18.7 15.4 0.50 30.2 22.5 29.3 29.5 0.91 

a. SD = Standard deviation 

b. p-values based on Pearson's chi-squared tests or Welch two sample t-test 

c. Wuhan and Alpha combined due to very few infections during Alpha variant predominance  
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 In adjusted models, predicted documentation status again did not have a statistically 

significant effect on whether a participant sought medical care for their infection. The only 

factors associated with healthcare utilization from any variant of infection were the number of 

illness symptoms, number of days spent at least half in bed, and illness duration (Table 9). 

Table 9. Factors associated with healthcare utilization in SARS-CoV-2 infections during enrollment 

in AZ HEROES, July 2020 to February 2023, by variant of infectiona 

Characteristic 
Wuhan/Alpha infection 

n = 69 

Omicron infection 

n = 363 

  ORb 95% CIc OR 95% CI 

Predicted undocumented status 0.00 0.0001 - 379.84 1.43 0.52 - 3.7 

Reinfection 4.54 0.13 - 357.21 1.46 0.68 - 3.18 

Vaccination status at infection 1.35 0.23 - 6.88 1.03 0.74 - 1.47 

# of chronic conditions 4.59 0.86 - 36.94 2.05 0.89 - 4.00 

Body mass index 0.81 0.65 - 95.02 1.04 0.99 - 1.09 

# of daily medications 1.25 0.63 - 2.56 0.91 0.65 - 1.26 

# of illness symptoms 1.20 0.93 - 1.6 1.17* 1.04 - 1.33 

# of hours of work missed 2.56 0.18 - 55.22 1.50 0.62 - 3.87 

# of days spent at least half in bed 1.39* 1.06 - 1.97 1.07 0.95 - 1.21 

Illness duration (# of days) 1.02* 1.01 - 1.07 1.01* 1.00 - 1.03 

a. Odds ratios for Delta infections unable to be calculated due to limited observations and model 

convergence issues 

b. OR = Odds Ratio, calculated with multivariable logistic regression models with robust standard errors. 

Models adjusted for all listed characteristics 

c. CI = Confidence Interval 

* statistically significant 

 

Participants who tested positive for SARS-CoV-2 during the Wuhan/Alpha variant 

predominance were 39% more likely to seek care for each day they spent half in bed (OR 1.39, 
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95% CI 1.06 – 1.97), and for each additional day that their illness lasted, they were 2% more 

likely to seek care (OR 1.02, 95% CI 1.01 – 1.07). In infections from the Omicron variant, 

participants were 17% more likely to seek medical care for each additional illness symptom (OR 

1.17, 95% CI 1.04 – 1.33) and 1% more likely to seek care for each additional day that their 

illness lasted (OR 1.01, 95% CI 1.00 – 1.03). 

Discussion 

This study examined healthcare utilization during SARS-CoV-2 infections in a cohort of 

Hispanic essential workers in Arizona from July 2020 through April 2023, based on predicted 

documentation status. The prospective nature of the study allowed for a unique comparison of 

healthcare utilization throughout the course of the pandemic in workers across an entire state, 

and to examine drivers of utilization. While overall healthcare utilization, and the subsequent 

strain on healthcare resources, has been greater during the COVID-19 pandemic than other 

recent pandemics,123 the overall healthcare utilization rate amongst this cohort was relatively 

small. This is likely due to the overall healthy worker make-up of study participants and the high 

rates of vaccination in the cohort. While previous literature found differences in healthcare 

utilization rates by undocumented individuals in the early stages of the pandemic,106 the current 

analysis did not. It is unclear if this is due to potential misclassification of individuals in our 

cohort, changes in healthcare utilization as the pandemic went on, or some other factor.  

During SARS-CoV-2 infection, participants infected with the Omicron variant had the lowest 

rate of healthcare utilization of all variants, which has not been the case with the general 

population.101,102 This too is likely due to the healthy worker make-up of the cohort and higher 
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than average rates of initial series of COVID-19 vaccination and booster vaccinations. And in 

adjusted models for SARS-CoV-2 infections, we found no difference in healthcare utilization by 

predicted documentation status, whether the infection was a first or reinfection, vaccination 

status, sociodemographic characteristics, or participant baseline health characteristics by any 

variant of infection. Because of the novelty of the current study, it is impossible to contextualize 

this within the larger public health literature, though it remains to be seen if these findings 

might be replicated by future analyses of different cohorts. 

The main drivers of healthcare utilization found in our analysis of infections were related to 

the severity and duration of illness. Increasing number of days spent at least half in bed, and 

duration of illness were associated with higher medical utilization if the infection came from the 

Wuhan/Alpha variants, and increasing number of symptoms and illness duration if the infection 

was due to the Omicron variant. Despite the relatively modest effect sizes of the ORs, 

particularly illness duration, their cumulative impact on healthcare can be contextualized by the 

incremental risk posed from single symptoms, number of days spent in bed, and number of days 

of illness. Given the wide distribution of these variables within the cohort, they represent a 

meaningful difference. 

This study is subject to several limitations. First, the true documentation status of 

participants is not known. It is possible that differences in healthcare utilization by 

documentation status are present in this cohort but were not found in this analysis because 

participants may have been misclassified. While outside the scope of the current dissertation, 

validating the support vector machine model on an external validation data set would be 

advisable. Second, the number of infections from the Wuhan, Alpha, and Delta variants were 
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lower than from the Omicron variant. This, combined with the low percentage of infections 

from predicted undocumented individuals, created sparse data issues leading to model 

convergence problems for the Delta variant, and very wide confidence intervals for a number of 

variables in the Wuhan/Alpha variant adjusted model. Third, because participants are all from 

the state of Arizona, there may be limited generalizability, though there was wide distribution 

by several sociodemographic and health characteristics. Fourth, the study population was of 

overall good health, and individuals willing to complete weekly nasal swabs and participate in a 

long prospective cohort may not be generalizable to the overall population. Fifth, all healthcare 

utilization was self-reported. It is possible that there were some individuals who did not report 

care that they received and may have been misclassified, though each participant had at least 

two opportunities to report any medical care they may have received. Lastly, the final illness 

survey was administered upon the cessation of symptoms. It is possible that some participants 

may have experienced a relapse in health and may have received medical care following their 

final illness survey. 

Conclusions 

 Integrating a previously internally validated predictive model of documentation status 

into the AZ HEROES cohort allowed for a unique examination of the drivers of healthcare 

utilization throughout the different variants of the COVID-19 pandemic, and if rates of 

healthcare utilization differed by documentation status. Our findings suggest that differential 

utilization of healthcare services by documentation status were not present in our cohort, 

though these findings should be accepted with caution given that this was the first 

implementation of our predictive model in a data set where true documentation status is not 



66 
 

known, and sample size issues for non-Omicron infections. Further investigation in a data set 

with more participants is warranted.  

Public health implications 

Our findings also suggest that efforts to ease the strain on healthcare systems might best 

be focused on decreasing symptom number and severity. Continued efforts to encourage 

vaccination would seem helpful, as would further research into the development of antiviral 

treatments that show promise in reducing healthcare utilization when administered to SARS-

CoV-2-positive patients at risk of severe disease but are experiencing mild to moderate 

symptoms at the time of administration.124 
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CHAPTER 5: OVERALL CONCLUSIONS AND FUTURE DIRECTIONS 

Dissertation Conclusions 

The scoping review described in Chapter 2 demonstrated that there have been few 

studies related to chronic health outcomes of undocumented immigrants compared to 

documented immigrants or US-born citizens. Evidence for differential health outcomes based on 

immigration status was mixed, which contrasted with the relatively clear background literature 

on barriers to undocumented individuals’ accessing care, and lack of insurance and regular 

source of care. All eight studies included in the scoping review had significant methodological 

limitations, however. Most relied on indirect methods of determining documentation status, 

had small sample sizes, and had limited generalizability. It was well established, though, that 

undocumented immigrants face significant barriers to accessing medical care. Further research 

is warranted given the paucity of studies on the topic. 

 Chapter 3 examined three predictive models of documentation status to overcome many 

of the logistical challenges and ethical considerations related to studying undocumented 

populations directly. All predictive models were evaluated on several metrics as a part of a 

formal internal validation process, and while two of the models fared poorly in all evaluation 

metrics, the support vector machine model demonstrated a strong association between 

predicted and actual documentation status for this group of Hispanic individuals and passed all 

four metrics of evaluation. There appeared to be enough promise from this model to justify its 

implementation in a new population. 
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 Chapter 4 assigned predicted documentation status to individuals in a longitudinal 

cohort of essential workers in Arizona using the support vector machine model, and then 

examined if rates of healthcare utilization differed by documentation status via multivariable 

logistic regression models. Findings suggested that there was no statistically significant 

association between predicted documentation status and healthcare utilization, and the only 

factors associated with utilization were illness-related variables. This was the first examination 

of its kind, and the findings should be interpreted with caution. Further investigation, especially 

in data sets with more participants and in which documentation status is collected (to externally 

validate the prediction model) would be useful. So too would implementation of the predictive 

model in a data set from a healthcare facility’s electronic health record system, preferably one 

where patients were treated over time for chronic conditions. This would not only fulfil the 

original vision of this dissertation project but would also give insight into health outcomes for 

conditions where repeat contact with providers is important for successful management.  

Implications for Public Health and Future Directions 

The methods developed for the current dissertation have implications for public health 

policy and practice. First, if the support vector machine model could be externally validated, it 

would go some way towards affirming its usefulness and demonstrating its utility in a variety of 

settings. A model like this, because of the variables on which it is based, could be implemented 

not only in data sets from public health research, but also the clinical setting or in the 

community. A better understanding of potential differences in undocumented immigrants 

compared to documented immigrants or US-born individuals in the prevalence of certain 
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diseases, as well as their progression or severity, could be useful in a number of different 

circumstances.  

It could help inform policy decisions regarding the cost of health services for different 

populations and resource allocation at different levels of government. It could also be useful for 

community organizations and agencies conducting community outreach and health education 

efforts with immigrant communities by providing a clearer picture of the health challenges and 

needs of local populations. If used to predict health outcomes for predicted undocumented 

immigrants, it could further be used to aid health service entities in developing care models 

based on the overall number of undocumented immigrants in their service area, as well as assist 

in forecasting provider and support staff needs and allocations. While true representation 

within health research for undocumented immigrants does not lie solely in machine learning 

and predictive models, this is a tool that can be utilized to make some small progress towards 

understanding this population better, the unique challenges they face, and planning for their 

needs – in order to be able to act towards their benefit from a place of knowledge. 
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Abstract 

Background: Undocumented immigrants face significant barriers to accessing regular medical 

care in the U.S. This is a concern especially for individuals with chronic conditions. This scoping 

review provides an overview of the current knowledge on chronic health outcomes for 

undocumented immigrants compared to documented immigrants or US-born citizens.  

Methods: The review process was conducted in accordance with the PRISMA-ScR guidelines, 

and the selection of studies was based on pre-defined criteria.  

Results: Nine articles were included. Key information such as population details, and study 

details, outcomes, and limitations are presented. There was conflicting evidence as to whether 

undocumented immigrants have poorer health outcomes, with undocumented immigrants 

faring better on nine (43%) measures, faring worse on nine (43%), and with no difference found 

on three (14%) measures when compared to documented immigrants or US-born citizens. 

Conclusion: Undocumented individuals face significant barriers to accessing the same level of 

health care for their chronic conditions, but it is unclear if this translates to poorer health 

outcomes. Future, rigorous studies are recommended to address this gap and better understand 

the health of this vulnerable population. 

KEYWORDS: Undocumented Immigrants, Chronic Disease, Scoping Review, Public Health 
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Background 

The United States (U.S.) hosts more foreign-born individuals than any nation in the world.1 

Of the 43.7 million immigrants living in the country, 11.1 million are undocumented2  

Undocumented immigrants often face a number of barriers that impact their ability or willingness 

to access health care services, including: English language proficiency; restricted mobility; 

experiences of marginalization and stigma; and mistrust of the health care system.8 In addition, 

undocumented immigrants are ineligible for U.S. medical insurance and health care coverage 

options,40 and are less likely to have a primary care provider,41 a regular source of medical care,42 

or access to and use of health services.38 Undocumented immigrants are also often unwilling to 

seek out medical care due to fear of deportation.43,44 Moreover, although immigrants and, to a 

lesser extent, U.S.-born Hispanics in the United States exhibit relatively favorable health,15,16 this 

advantage seems to deteriorate as immigrants gain more experience in the “host” country, and 

as they become more acculturated.17,18  

All of these challenges are particularly concerning for individuals with a chronic health 

condition, which requires ongoing management and supervision from both the individual and 

their health care team to achieve optimal outcomes and reduce the risk of developing a wide 

array of serious and costly health complications.45 Given that undocumented status has been 

shown to reduce healthcare utilization in Hispanic individuals with chronic conditions,46 it is likely 

that undocumented individuals do not receive the same level of medical care to manage their 

condition as documented immigrants or U.S. citizens. This could lead to poorer disease 

management and health outcomes which can have significant social and economic 

consequences.47  
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Rationale and Objective 

While previous research has uncovered a number of barriers to care for undocumented 

immigrants, the health burden of chronic diseases on undocumented immigrants in the United 

States remains almost entirely unexplored. No review of any kind has been published that 

explores and summarizes evidence on chronic disease health outcomes of undocumented 

immigrants compared to documented immigrants and U.S.-born citizens. Due to the paucity of 

research on health outcomes of undocumented immigrants with chronic diseases we conducted 

a scoping review of studies that have examined chronic disease outcomes for undocumented 

Hispanic immigrants compared to documented immigrants or US-born citizens.  

Methods 

The current study was guided by the PRISMA-ScR guidelines as well as methods outlined 

by the Joanna Briggs Institute for scoping reviews, and includes the following stages: 1) identifying 

the research questions, 2) identifying relevant studies, 3) study selection, 4) extracting and 

charting the data, and  5) collating, summarizing and reporting the results.48-50 

Search Strategy 

A systematic literature search was conducted on October 10, 2019 in PubMed, MEDLINE, 

Web of Science, Embase, and CINAHL, with supplementary searches up to June 24, 2023. No 

restrictions were placed on article publication date, though only those published in English were 

considered. The following Medical Subject Headings (MeSH) and keywords were used in the 

search: (“emigrants and immigrants”[mesh] OR migrant OR immigrant OR emigrant OR 

immigration OR "foreign-born") AND ("legal status" OR undocumented OR documented OR 
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authorized OR unauthorized OR illegal) AND (“diabetes mellitus”[mesh] OR diabetes OR A1C OR 

chronic illness OR chronic disease OR chronic condition) AND (“United States” OR “US” OR “U.S.”). 

PR and JM were responsible for creating the search strategy and conducting the literature search. 

References in included papers were searched for additional articles that should be added.  

Eligibility Criteria 

Following best practices recommendations for scoping reviews,51 we utilized the PCC 

strategy for our eligibility criteria, outlined in Table 1.  

Table 1. Scoping review inclusion and exclusion criteria 

PCC Strategy Inclusion criteria Exclusion criteria 

P – Population Undocumented immigrants, 

18+ years old, living in the 

U.S., focus on Hispanic 

individuals (at least 80% of 

study participants) 

Studies focused on 

children and/or 

adolescents (<18 years 

of age) 

C - Concept Quantitative studies with 

individuals with at least one 

chronic disease (type 2 

diabetes, heart disease, 

obesity, or chronic kidney 

disease) reporting 

outcomes compared to 

either or both documented 

immigrants/U.S.-born 

citizens 

Descriptive articles such 

as reviews, lectures, 

conference proceedings, 

or qualitative-only 

studies. 

C - Context Studies conducted in the 

United States 

Studies not published in 

the English language 
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Study Selection and Data Extraction 

Two researchers (PR and KP) independently screened titles and abstracts, and a third (AO) 

checked for discrepancies and resolved any conflicts. This process was repeated for full text 

screening with each author fulfilling the same role. Reasons for exclusion during full text 

screening are detailed in Table 5. A Research Electronic Data Capture (REDCap) database was 

developed a priori specifically for data extraction for this project. PR and KP independently 

extracted the following data: title; first author; year of publication; geographic location; sample 

size; age range; gender breakdown; aim of the study; country(ies) of origin of undocumented 

study participants; method of determining documentation status; comparator; information about 

primary and secondary outcomes (list of outcomes, results and significance); major limitations; 

and references to obtain. Data extraction reports were checked by AO for discrepancies with 

conflicts resolved by all three authors. In accordance with the scoping review methodology, a 

formal assessment of the quality of individual articles was not included, though quality was 

addressed in the discussion. No articles were excluded based on methodological quality.  

Results 

Search Results, Inclusion, and Exclusion 

Figure 1 presents a flow chart of the search results and selection of eligible publications. 

The literature search generated a total of 276 articles, 191 after the removal of duplicates. A total 

of 164 articles were removed after title and abstract screening if there was enough information 

to demonstrate that they did not meet the inclusion criteria or that they fulfilled one or more of 
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the exclusion criteria.  This left 27 full-text articles to be assessed, of which 9 met the eligibility 

criteria and were included in this review. 

Figure 1. PRISMA flow diagram of literature search and selection for scoping review 

 

Study Characteristics 

Study characteristics were gathered, including first author, year of publication, geographic 

location, aims/purpose, and data source (Table 2). All nine studies were published after 2000, 

with one published in 2004 and the remaining seven published 2011-2022. Five studies examined 

outcomes for patients with End Stage Renal Disease, one on farmworkers, and only three that 
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might be considered the “general population.” Four studies were centered on a specific hospital 

or group of local hospitals, four utilized national survey data, and one used survey data with 

information from two different states. A total of 59,103 individuals were included in analysis 

across the nine studies. 

Table 2. Study characteristics of studies included in scoping review 

Authors Title Year 

Geographic 

Location Aims/Purpose Data Source 

Coritsidis et 

al.52 

The Initiation of Dialysis in 

Undocumented Aliens: The 

Impact on a Public Hospital 

System 

2004 New York 

City, NY 

Compare health outcomes of 

undocumented individuals with 

ESRD to American citizens 

Medical records from Nassau University 

Medical Center, New York NY; and Jacobi 

Medical Center, New York NY, 1993-

2001, with follow-up interview surveys 

administered by physicians 

Do et al.46 Healthcare Utilization 

Among Hispanic 

Immigrants with Diabetes: 

Investigating the Effect of 

US Documentation Status 

2014 US (national 

survey) 

1) To determine if documented 

and undocumented Hispanic 

immigrants with diabetes differ 

by health insurance status and 

having a usual place of care, 2) To 

investigate the effect that 

documentation status has on 

health care utilization among 

diabetic Hispanic immigrants. 

Pew Hispanic Center and Robert 

Johnson Wood Foundation's 2007 

Hispanic Healthcare Survey 

Hamilton et 

al.53 

Immigrant Legal Status and 

Health: Legal Status 

Disparities in Chronic 

Conditions and 

Musculoskeletal Pain 

Among Mexican-Born Farm 

Workers in the United 

States 

2019 US (national 

survey) 

To determine whether a legal 

status disparity exists in chronic 

conditions and musculoskeletal 

pain among Mexican-born 

immigrants employed as farm 

workers in the US  

Farmworkers interviewed as part of the 

National Agricultural Workers Survey, 

2000-2015 

Iten et al.54 Undocumented 

Immigration Status and 

Diabetes Care Among 

Mexican Immigrants In Two 

Immigration ''Sanctuary'' 

Areas 

2014 San 

Francisco, 

CA; Chicago, 

IL 

To investigate the relationship 

between immigration status and 

the patient experience of health 

care, diabetes self-management, 

and clinical outcomes among 

Mexican immigrants with 

diabetes receiving health care in 

two immigration sanctuary cities 

Immigration, Culture and Health Care 

study with respondents from San 

Francisco, CA and Chicago, IL, 2008-2009 

Linden et 

al.55 

Kidney Transplantation in 

Undocumented Immigrants 

With ESRD: A Policy Whose 

Time Has Come? 

2012 New York 

City, NY 

To examine the demographic and 

health characteristics of 

undocumented immigrants with 

ESRD, as well as transplant 

attitudes and options 

Medical records from Elmhurst Hospital, 

New York NY, 2010 
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Madden et 

al.56 

Dialysis Hospitalization 

Inequities by Hispanic 

Ethnicity and Immigration 

Status 

2017 Albuquerque, 

New Mexico 

To examine the likelihood of 

being admitted to an emergency 

room for dialysis among 

undocumented immigrants, 

compared with other patients 

Medical records from patients admitted 

via the emergency department at the 

University of New Mexico Hospital. 

2013-2016 

Raghavan 

et al.57 

Descriptive Analysis of 

Undocumented Residents 

with ESRD in a Public 

Hospital System 

2011 Houston, TX To evaluate the demographics of 

the patient population receiving 

hemodialysis in two Houston 

public hospitals and an affiliated 

clinic 

Medical records of patients receiving 

hemodialysis in the Harris County Health 

district, 2010 

Ruhnke et 

al.58 

 

A healthy migrant effect? 

Estimating health 

outcomes of the 

undocumented immigrant 

population in the United 

States using machine 

learning 

2021 

 

US (national 

survey) 

 

To evaluate whether an 

immigrant health advantage 

persists among undocumented 

immigrants in the US 

 

Pooled cross-sections of the National 

Health Interview Survey, 2000-2018 

 

Shen et al.59 Association of Citizenship 

Status With Kidney 

Transplantation in Medicaid 

Patients 

2018 US (national 

survey) 

To assess if undocumented 

immigrants would have similar 

outcomes to US citizens following 

kidney transplant if equally 

insured. 

Medical records of adult Medicaid 

patients in the US Renal Data System 

who received a kidney transplant, 1990-

2011 

 

Study Population Characteristics 

Sample sizes of the various studies ranged from 127 to 434,985 individuals (Table 3). 

Studies with smaller numbers of participants, particularly undocumented individuals, tended to 

be those where data was collected from an individual hospital system. The larger samples 

generally came from studies conducting secondary data analysis of national survey data. One 

study did not report any information on the ages of participants. For the remaining eight studies, 

the mean age of participants in the studies ranged from mid-30s to mid-50s. Two studies did not 

break out ages of undocumented individuals versus the comparison group, but for the six that 

did, undocumented individuals were approximately ten years younger than the comparison group 

in four of them. Gender of participants was about two-thirds male (four studies), relatively equal 

between male and female (four studies), or not disclosed (one study). The comparison group was 
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both documented immigrants and U.S.-born citizens in six studies, and only documented 

immigrants in the remaining three studies. Finally, four studies used self-report questions to 

determine undocumented status, two studies used administrative data (lack of social security 

number), one counted use of an interpreter as a proxy for undocumented status, one used 

imputation methods, and one did not disclose the method of ascertaining documentation status.  

Table 3. Participant characteristics of studies included in scoping review 

Authors Title Sample  
Age Range or 
Mean Age Gender Breakdown Comparator 

Country(ies) of 
Origin 

Measurement 
of legal status 

Coritsidis 
et al.52 

The Initiation of 
Dialysis in 
Undocumented 
Aliens: The 
Impact on a 
Public Hospital 
System 

Undocumented 
immigrant 
patients (n=55) 
compared to 
American 
citizens (n=223), 
both with ESRD 

Undocumented 
immigrants = 
45.9 years; 
American 
citizens = 54.3 
years 

Undocumented 
immigrants = 62% 
male; American 
citizens = 65% male 

Documented 
Immigrants 
and US-born 
Citizens 

Undocumented 
immigrants 
were primarily 
of Hispanic 
origin (58%), 
mostly Central 
American from 
El Salvador 

Not disclosed in 
article 

Do et 
al.46 

Healthcare 
Utilization Among 
Hispanic 
Immigrants with 
Diabetes: 
Investigating the 
Effect of US 
Documentation 
Status 

Hispanic 
immigrants 18 
years of age or 
older, 
undocumented 
(n=105), 
documented 
(n=422) 

51.7 years Male = 49.9%,  
female = 50.1% 

Documented 
Immigrants 

Mexico = 
75.6%, Other = 
24.4% 

Self-report 

Hamilton 
et al.53 

Immigrant Legal 
Status and 
Health: Legal 
Status Disparities 
in Chronic 
Conditions and 
Musculoskeletal 
Pain Among 
Mexican-Born 
Farm Workers in 
the United States 

Mexican-born 
respondents 
under the age of 
65 (n = 17,462, 
breakdown by 
immigration 
status not 
disclosed) 

Undocumented 
immigrants = 
31.8 years, 
documented 
immigrants = 
42.2 years 

Undocumented 
immigrants = 21.4% 
female; 
documented 
immigrants = 27.0% 
female 

Documented 
Immigrants 

Mexico Self-report 

Iten et 
al.54 

Undocumented 
Immigration 
Status and 
Diabetes Care 
Among Mexican 
Immigrants In 
Two Immigration 
''Sanctuary'' 
Areas 

Individuals with 
diabetes who 
received care in 
nine free-
standing or 
hospital-based 
safety-net clinics: 
undocumented 
individuals 
(n=111) 
compared to the 
rest of the 
patient 
population 
(n=300) 

Undocumented 
immigrants = 
49.8 years; 
documented 
immigrants = 
55.7 years; US 
born = 55.7 years 

Undocumented 
immigrants = 51.6% 
female; 
documented 
immigrants = 50.0% 
female; US born = 
54.0% female 

Documented 
Immigrants 
and US-born 
Citizens 

Mexico Self-report by 
elimination 
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Linden et 
al.55 

Kidney 
Transplantation 
in Undocumented 
Immigrants With 
ESRD: A Policy 
Whose Time Has 
Come? 

All outpatient 
dialysis patients 
from March until 
May 2010 
undocumented 
individuals 
(n=45) compared 
to the rest of the 
patient 
population 
(n=82) 

43.8 years 71% male Documented 
Immigrants 

Mexico and 
Central 
America = 58%  
South America 
= 29%  Asia  = 
13% 

No social 
security 
number 

Madden 
et al.56 

Dialysis 
Hospitalization 
Inequities by 
Hispanic Ethnicity 
and Immigration 
Status 

Undocumented 
immigrant 
patients (n=759) 
admitted via the 
emergency 
department and 
receiving dialysis 
compared to 
random sample 
of patients 
(n=3,345) 
admitted via the 
emergency 
department and 
not receiving 
dialysis 

Not reported Not reported Documented 
Immigrants 
and US-born 
Citizens 

Not reported Use of an 
interpreter 

Raghavan 
et al.57 

Descriptive 
Analysis of 
Undocumented 
Residents with 
ESRD in a Public 
Hospital System 

Undocumented 
immigrants 
receiving 
hemodialysis in 
Houston (total 
n=186, surveyed 
n=48) compared 
to all Hispanics 
on hemodialysis 
in Texas 
(n=13,283) 

Undocumented 
immigrants 
surveyed = 43.4 
years; 
undocumented 
immigrants in 
Houston = 42.6 
years; Hispanic 
individuals in 
Texas = 58.9 
years 

Undocumented 
immigrants 
surveyed = 35.0% 
female; 
undocumented 
immigrants in 
Houston = 37.5% 
female; Hispanic 
individuals in Texas 
= 48% female 

Documented 
Immigrants 
and US-born 
Citizens 

Not reported No social 
security 
number 

Ruhnke 

et al.58 

 

A healthy migrant 
effect? Estimating 
health outcomes 
of the 
undocumented 
immigrant 
population in the 
United States 
using machine 
learning 

434,985 
individuals 
responding to 
the National 
Health Interview 
Survey, 2000-
2018, of which 
12,368 were 
undocumented 

Undocumented 
immigrants = 
34.2% 35-49 
years, 
documented 
immigrants = 
40.4% 35-49 
years, US-born = 
34.1% 35-49 
years 

Undocumented 
immigrants = 47.6% 
female; 
documented 
immigrants = 52.0% 
female; US born = 
51.2% female 

Documented 
Immigrants 
and US-born 
Citizens 

Reported only 
by region (Asia 
= 19%, Africa = 
3%, Europe = 
6%, Mexico & 
Central 
America = 
61.2%, Middle 
East = 2%, 
South America 
= 7%) 

Multi-stage 
imputation 
using data from 
the Survey of 
Income and 
Program 
Participation 

Shen et 
al.59 

Association of 
Citizenship Status 
With Kidney 
Transplantation 
in Medicaid 
Patients 

Nonresident 
aliens (n=346) 
compared to 
permanent 
residents 
(n=1,489) and US 
citizens 
(n=8,660) 

Undocumented 
immigrants = 
34.5 years; 
documented 
immigrants = 
46.0 years; US 
citizens = 42.0 
years 

Undocumented 
immigrants = 50.4% 
male; documented 
immigrants = 56.1% 
male; US citizens = 
50.4% male 

Documented 
Immigrants 
and US-born 
Citizens 

Not reported Self-report 
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Study Findings 

The nine studies presented twenty-one different physical health outcome comparisons between 

undocumented individuals and documented immigrants or U.S. citizens. On nine of these 

measures (43%), undocumented individuals fared worse than their comparison group (Table 4). 

On nine outcomes (43%), undocumented individuals fared better than the comparison group. On 

the final three outcomes (14%), there was no difference found between undocumented 

individuals and the comparison group. In other words, in over half of the studied outcomes, 

researchers found no difference for undocumented individuals compared to documented 

immigrants or US citizens, or better health outcomes for undocumented individuals.  

Table 4. Findings and limitations of studies included in scoping review 
 

 

 

 

Authors Title 

Primary Health 

outcome(s) 

0 = no difference, 

+ = undocumented 

better,  

- = undocumented 

worse Primary Health Outcome Details Major Limitations 

Coritsidis et 

al.52 

The Initiation of 

Dialysis in 

Undocumented Aliens: 

The Impact on a Public 

Hospital System 

Mean Arterial 

Pressure 

Creatinine levels 

Calculated 

glomerular 

filtration rates 

Magnesium 

Alkaline 

phosphatase 

Albumin 

- 

 

- 

- 

 

 

- 

- 

 

- 

Undocumented immigrants vs. 

American citizens for all results:  

MAP (mm Hg): 119.9 vs. 108.9, p=0.001  

Creatinine (mg/dL):  11.90 vs. 9.92, 

p=0.03   

GFR (mL/min/1.73 m2):  5.53 vs. 6.29, 

p=0.03   

Magnesium (mg/dL): 2.43 vs. 2.21, 

p=0.008   

Alkaline phosphatase: 136 vs. 111, 

p=0.03   

Albumin (g/dL): 3.26 vs. 3.0, p=0.04  

• Limited generalizability 

• Cross-sectional data 

Do et al.46 Healthcare Utilization 

Among Hispanic 

Immigrants with 

Diabetes: Investigating 

the Effect of US 

Documentation Status 

Time since last 

visit 

Self-reported 

excellent or good 

health status 

- 

 

- 

Undocumented immigrants vs. 

documented immigrants for all results: 

Time since last visit 6 months or less: 

12.4% vs. 69.2% 

Excellent or good health status: AOR = 

0.3, 95% CI 0.18, 0.80 

• Cross-sectional study 

data     

• Single item measure 

used to assess health 

care utilization. May be 

incomplete.      

• Low response rate: 
potential sampling bias 
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Hamilton et 

al.53 

Immigrant Legal Status 

and Health: Legal 

Status Disparities in 

Chronic Conditions and 

Musculoskeletal Pain 

Among Mexican-Born 

Farm Workers in the 

United States 

Lifetime, 

diagnosed chronic 

conditions         

Musculoskeletal 

pain in the last 

year 

+ 

 

 

+ 

Lifetime diagnosis of at least one 

chronic condition: 6.4 % of 

unauthorized immigrants vs. 16.8 % 

authorized immigrants 

Musculoskeletal pain: 15% of 

unauthorized immigrants vs. 21% of 

authorized immigrants 

• Unauthorized 

immigrants have less 

access to health care, less 

opportunity to have 

chronic condition 

diagnosed. 

• Information is collected 

on the worksite, 

unauthorized immigrants 

may have greater fear of 

retaliation and less likely 

to report a health 

problem   

• Limited generalizability 

Iten et al.54 Undocumented 

Immigration Status 

and Diabetes Care 

Among Mexican 

Immigrants In Two 

Immigration 

''Sanctuary'' Areas 

Hemoglobin A1C 

Systolic blood 

pressure  

Low-density 

lipoprotein 

0 

0 

 

0 

Undocumented immigrants vs. 

documented immigrants vs. US-born 

citizens for all results: 

Hemoglobin A1C (%): 8.45 vs. 7.98 vs. 

8.7 

Systolic blood pressure (mmHg): 

126.07 vs. 130.2 vs. 130.46  

Low-density lipoprotein (mg/dL): 88.29 

vs. 89.70 vs. 94.28    

• Limited generalizability 

• Cross-sectional data 

• Small sample size (and 
low power for some 

analyses) 

Linden et 

al.55 

Kidney Transplantation 

in Undocumented 

Immigrants With ESRD: 

A Policy Whose Time 

Has Come? 

Coronary heart 

disease 

Diabetes 

+ 

 

+ 

Undocumented immigrants vs. 

documented immigrants for all results: 

Coronary heart disease: 7% vs. 33% 

Diabetes mellitus: 40% vs. 68% 

• Limited generalizability 

• Younger undocumented 
population 

Madden et 

al.56 

Dialysis Hospitalization 

Inequities by Hispanic 

Ethnicity and 

Immigration Status 

Likelihood of 

receiving 

emergent vs. 

scheduled dialysis 

during first 

emergency 

department visit 

- AOR = 3.49, 95% CI 1.03, 11.81  • Interpreter use as proxy 
for immigration status (if 

provider is bilingual, may 

not need interpreter) 

• Length of stay 
imprecise 

- Limited generalizability 

Raghavan et 

al.57 

Descriptive Analysis of 

Undocumented 

Residents with ESRD in 

a Public Hospital 

System 

Diabetes + Undocumented immigrants vs. US-born 

citizens for all results: 

Diabetes: 35% vs. 68% 

• Limited generalizability 

• Cross-sectional data 

• Younger undocumented 
population 

Ruhnke et 

al.58 

 

A healthy migrant 

effect? Estimating 

health outcomes of 

the undocumented 

immigrant population 

in the United States 

using machine learning 

Fair/poor self-

rated health 

Any chronic 

conditions 

Obesity 

 

+ 

+ 

+ 

Undocumented immigrants had 26% 

lower odds of reporting poor or fair 

health, 23% lower odds of having been 

diagnosed with any chronic conditions 

and 8% lower odds of being obese 

 

• Cannot be verified that 

individuals assigned 

"undocumented" truly 

are, leading to possible 

mis-specification. 

• Cross-sectional data 

Shen et al.59 Association of 

Citizenship Status With 

Kidney Transplantation 

in Medicaid Patients 

All-cause 

transplant failure 

+ Undocumented immigrants compared 

to US-born citizens for all results: 

All-cause transplant failure: Adjusted 

HR 0.56, 95% CI 0.41, 0.76  

• Limited generalizability 

• Cross-sectional data 

• Younger undocumented 
population 
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 The nine measures on which undocumented individuals fared worse than documented 

immigrants or US citizens came from three studies. Coritsidis et al. found that undocumented 

individuals had: higher creatinine levels, a measure of kidney function with higher  levels meaning 

more impaired kidney function (11.9mg/dL vs. 9.92mg/dL, p=0.03); higher blood pressure (mean 

arterial pressure of 119.9mmHg vs. 108.9mmHg, p=0.001); lower glomerular filtration rates, a 

test of kidney function with lower levels meaning worse filtration by the kidneys 

(5.5mL/min/1.73m2 vs. 6.3mL/min/1.73m2); higher magnesium levels (2.43mg/dL vs. 2.21mg/dL, 

p=0.008); higher alkaline phosphatase levels (136 vs. 111, p=0.03); and higher albumin levels 

(3.26g/dL vs. 3.0g/dL, p=0.04). It should be noted, however, that none of the levels for either 

group in the last three outcomes (magnesium, alkaline phosphatase, and albumin) are high 

enough to be of any real medical concern. Do et al. found that undocumented immigrants with 

diabetes had worse healthcare utilization (12.4% utilizing health services in the last six months 

vs. 69.2%) and less likelihood of self-reporting a health status of excellent or good health (AOR = 

0.3, 95% CI 0.18, 0.80). Finally, Madden et al. found undocumented individuals at much higher 

odds of being placed on emergent vs. scheduled dialysis upon first admittance to the emergency 

department, meaning they were in particularly poor condition upon arrival (AOR = 3.49, 95% CI 

1.03, 11.81). 

The three measures on which there was no difference for undocumented individuals 

compared to documented individuals or US-born citizens came from one study. Iten et al. found 

no statistical difference for undocumented individuals in: hemoglobin A1c, a measure of blood 

sugar (8.4% compared to 8.7% in U.S.-born citizens, p=0.41, and 7.98% in documented 
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immigrants, p=0.06); systolic blood pressure (126.1mmHg compared to 130.5 in U.S.-born 

citizens, p=0.07, and 130.2 in documented immigrants, p=0.06); and low density lipoprotein 

cholesterol (88.3mg/dL compared to 94.3mg/dL in U.S.-born citizens, p=0.2, and 89.7mg/dL in 

documented immigrants, p=0.8). 

 Finally, the nine measures on which undocumented immigrants fared better than 

documented immigrants were found in three studies. Hamilton et al. found better outcomes for 

undocumented immigrants in the percent of individuals who have had a diagnosed chronic 

condition in their lifetime (6.4% compared to 16.8%, p<0.001), and prevalence of individuals 

reporting musculoskeletal pain in the last year (15.1% compared to 21.2%, p<0.001). Linden et al. 

found lower rates, in undocumented individuals, of coronary heart disease (7% compared to 33%) 

and diabetes mellitus (40% compared to 68%). Raghavan et al. also found lower rates of diabetes 

in undocumented individuals (35% compared to 68%). Ruhnke et al. found that Undocumented 

immigrants had 26% lower odds of reporting poor or fair health (p < 0.001), 23% lower odds of 

having been diagnosed with any chronic conditions (p < 0.001), and 8% lower odds of being obese 

(p < 0.01). Finally, Shen et al. found lower rates of all-cause transplant failure for undocumented 

individuals (adjusted HR 0.56, 95% CI 0.41, 0.76). 

Discussion 

 In this first scoping review on the chronic health outcomes of undocumented immigrants 

compared to documented immigrants or U.S.-born citizens, we found relatively few articles that 

have studied this question. The increasing number in the last several years is somewhat 

encouraging, even if the overall number remains low. 
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 Evidence for differential health outcomes based on immigration status was mixed, which 

was in contrast to the relatively clear background literature on barriers to undocumented 

individuals’ accessing care, and lack of insurance and regular source of care. Three studies, 

comprising 43% of the 21 health outcomes examined, found evidence of poorer health outcomes 

for undocumented individuals.  Five studies, examining nine outcomes, found evidence of better 

health outcomes for undocumented individuals. The final study, examining three outcomes, 

found no difference. There are several possibilities why the studies included in this review do not 

align with background research findings.  

First is the methodological limitations of the nine studies. Eight of the studies used proxies 

or indirect methods of identifying documentation status that might not be entirely reliable, while 

one study did not disclose their method of identifying undocumented immigrants. Most studies 

also relied on small samples, especially the undocumented immigrant population – with the 

associated analytic problems of small sample sizes and potential bias they carry. Of particular 

concern was that of representativeness or generalizability. Five of the studies were focused on 

individuals with End Stage Renal Disease, and one on farmworkers. Of the final three that might 

be considered from the general public, one of them was a convenience sample from two 

“sanctuary cities”, places that have statutes limiting reporting of the documentation status of 

individuals seeking health services. It is possible that individuals included in most of these studies 

differ, in meaningful ways, from the larger population and their outcomes are not generalizable 

to most other undocumented individuals. Undocumented immigrants were also, on average, 

approximately ten years younger than the comparator group in the six studies that broke out age 

characteristics for the comparison groups, which seems a likely contributor to a healthier state.  
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A second potential reason that the studies did not find stronger support for poorer health 

outcomes in undocumented immigrants compared to documented immigrants or U.S. citizens is 

linked to the idea of immigrant health selectivity. This refers to how immigrants tend to differ 

from non-migrants because of the challenges associated with migration, and how immigrants, 

even if undocumented, might have, on average, better health than the average U.S.-born citizen, 

or comparable health characteristics as documented immigrants to which they are compared in 

individual studies. This is because the costs of migration select on good health as well as on other 

characteristics that might be associated with good health, such as self-efficacy.60 Individuals who 

migrate tend to have differences in resources, networks, and opportunities than those who do 

not migrate or are unable to. In essence, individuals who migrate might be healthier than those 

who do not. As with the methodological limitations detailed above, this again might lead to a 

skewed sample that may not be generalizable to a larger population, which is an issue when only 

one study (Hamilton et al.) controls in any way for possible positive health selectivity.  

Finally, only two of the nine studies account for length of time spent in the United States 

since immigration. Undocumented immigrants have spent less time, on average, than 

documented immigrants,61 let alone U.S. citizens. As acculturation and longer time in the United 

States is associated with worse health outcomes – likely as a result of stress, cumulative 

disadvantage, and adoption of unhealthy behaviors common in the country of residence62 – it is 

possible that the undocumented immigrants in several of the studies are more recently arrived, 

and are therefore likely healthier compared to an earlier-arrived, documented immigrant 

population or US citizen.    

Strengths and Limitations of this Review 
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 The present scoping review provides an overview of the published knowledge of health 

outcomes for undocumented immigrants with chronic conditions compared to documented 

immigrants or U.S.-born citizens. The main strength of this review is its methodological approach, 

which utilized the systematic framework recommended in the PRISMA checklist for scoping 

reviews (PRISMA-ScR).50 This methodology is useful for topics such as this with relatively few 

studies and to identify gaps in knowledge. 

Although a thorough search for literature in a number databases as well as hand-searches 

was conducted, there is a possibility that all studies relevant for the review scope were not 

identified. We did not contact the authors of any studies to provide answers to questions we may 

have had in the review process. We also decided to limit our inclusion to quantitative studies, as 

qualitative studies on the subject seemed to be patient experiences and limited to one, or less 

than five, individuals per study. This might be a limitation to the number and breadth of results, 

but this decision was made to ensure that our review was not a review of case studies, which 

requires a separate methodology.63  

Conclusions 

 Undocumented individuals face significant barriers to accessing the same level of health 

care for their chronic conditions compared to documented immigrants and US-born citizens. It is 

unclear from the published literature if this translates to poorer health outcomes. There are few 

studies that have addressed this question, however, and there has been little structure about 

what health outcomes to assess, what populations to include, and what methodology should be 

used. Given the paucity of research on the topic, and the numerous methodological limitations 
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of the studies included in this article, further research is warranted. This seems particularly true 

when weighed against the high human cost of chronic diseases, and the more than ten million 

undocumented immigrants in the United States.  

Table 5. Excluded papers (n=18) read in full-text, and reason for exclusion from scoping review 

First Author, Year Title Reason for Exclusion 

Balakrishnan, 201964 

The Undocumented Elderly: Coverage 

Gaps and Low Health Care Use 

Commentary/Narrative 

 
Bohan, 200565 Illegal immigrants with ESRD: The impact 

on U.S. and Canadian health care facilities 
Full text not available 
 

Cantu, 201366 New estimates of racial/ethnic 
differences in life expectancy with chronic 

morbidity and functional loss: evidence 
from the National Health Interview 

Survey 

Wrong patient 
population 

 

Carrillo, 201167 A Regional Health Collaborative Formed 
By New York-Presbyterian Aims To 

Improve The Health Of A Largely Hispanic 
Community 

Wrong patient 
population 

 

Cervantes, 201968 The Status of Provision of Standard 
Outpatient Dialysis for US Undocumented 

Immigrants with ESKD 

Commentary/Narrative 

Cervantes, 201869 Circumstances of Death among 
Undocumented Immigrants Who Rely on 
Emergency-Only Hemodialysis 

Wrong comparator 

Cervantes, 201870 Association of Emergency-Only vs 

Standard Hemodialysis With Mortality 
and Health Care Use Among 

Undocumented Immigrants With End-
stage Renal Disease 

Wrong comparator 

De Jesus Diaz-Perez, 
200471 

A program to improve access to health 
care among Mexican immigrants in rural 
Colorado 

Wrong patient 
population 

Garcini, 201872 
 

Health-related quality of life among 
Mexican-origin Latinos: the role of 

immigration legal status 

Wrong outcomes 

Hogan, 201773 Emergent Dialysis and its Impact on 
Quality of Life in Undocumented Patients 
with End-Stage Renal Disease 

Wrong study design 
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Hsueh, 201874 Associations between immigrant status 

and pharmacological treatments for 
diabetes in U.S. adults 

Wrong patient 

population 

Kang, 201575 Perceptions of affordability of care and 
access to information about health 

insurance among immigrants after 
Massachusetts health reform 

Full text not available 

Lee, 201876 The prevalence and impact of diabetes 

mellitus among undocumented 
immigrants in an indigent care program in 

Riverside, California 

Full text not available 

Ortega, 201577 When politics trumps health: 

Undocumented Latino immigrants and US 
health care 

Commentary/Narrative 

Peota, 201778 Care in the shadows: The challenges for 

undocumented immigrants 

Commentary/Narrative 

Ross, 201979 Association between immigration status 

and anxiety, depression, and use of 
anxiolytic and antidepressant 

medications in the Hispanic Community 
Health Study/Study of Latinos 

Wrong concept 

 

Sher, 201780 Healthcare outcomes in undocumented 

immigrants undergoing two emergency 
dialysis approaches 

Wrong comparator 

Thomsen, 201581 Caring for the Uninsured, Undocumented 
Population: Challenges of Chronic Disease 

Management and Access to Care 

Commentary/Narrative 
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Abstract 

Background: Research on undocumented populations is sparse, both because documentation 

status is rarely ascertained in studies, and because undocumented individuals are less likely 

overall to participate in research studies. A better understanding of the health of these 

individuals is important, though, and one method that has been proposed to examine outcomes 

for this group without putting them at additional risk is through predictive modelling.  

Objective: Develop and internally validate a predictive model of documentation status. 

Methods: Utilizing combined data from two population-based samples in Arizona in which 

documentation status were collected, three prediction models of documentation status were 

created and internally validated. Models created used multiple imputation by chained equations 

(MICE), and two machine learning algorithms: random forests machine learning and support 

vector machine. Predicted documentation status was modelled from demographic, health 

behavior, and disease status indicators commonly collected in public health research studies. 

The performance of each model was assessed in terms of accuracy, precision, recall, and 

Matthews correlation coefficient (MCC). 

Results: The combined sample consisted of 473 individuals, of whom 85 were undocumented. 

The sample included 209 men and 263 women, aged 20 to 83 years of age at the time of their 

participation in the respective studies. The MICE model had the lowest rates of accuracy 

(64.3%), precision (0.81), recall (0.74), and MCC (-0.07). The random forests model was slightly 

better with an accuracy of 73.1%, precision of 0.82, recall of 0.86, and MCC of 0.002. The 
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support vector machine was the strongest in all categories, with an accuracy of 90.7%, precision 

of 0.90, recall of 0.99, and MCC of 0.66. 

Conclusions: Utilizing predictive models could protect the safety of vulnerable individuals as 

well as make possible investigation into potentially undocumented individuals in settings where 

it would be impractical or impossible to gather information on documentation status first-hand. 

The results of the current analysis demonstrate some promise and further investigation, 

particularly the support vector machine model. 

 

Keywords: undocumented immigrants; machine learning; prediction models; public health 

  



94 
 

Background 

Of the 11.3 million undocumented immigrants in the United States (US), more than 8.6 

million (76%) are Hispanic.82 Undocumented immigrants are often forced to forego medical care 

due to lack of insurance,7 experiences of discrimination or mistrust of the health care system,8,9 

or fear of deportation,43 and receive more infrequent and worse care than documented 

immigrants or U.S. citizens.10-12 Fears related to their immigration status also makes 

undocumented individuals less likely to participate in research studies,29 making them a 

challenging group to study directly.  

Research on undocumented populations has been hindered by the lack of data on 

immigrant legal status in the types of large-scale, nationally-representative survey data 

generally used to answer many health and economic questions.19 One reason that studies omit 

questions on documentation status is the possibility of putting undocumented respondents at 

risk if they respond honestly, and data including direct or indirect identifiers are somehow 

released to or requested by government agencies.20,21 For this reason, proxy measures of 

immigration status have been recommended for use in research studies attempting to better 

understand immigrant health. Preliminary research has shown that predictive modeling is an 

effective approach to address these concerns without putting undocumented individuals at 

additional risk.29 

Our approach utilized a methodology developed for previous predictive models of 

immigrant documentation status that have been used to answer economic questions (multiple 

imputation by chained equations),19,29 and two machine learning methods (random forest and 

support vector machine). The setting of the study groups used for this prediction model 
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(Southwestern US) positions it well for better understanding Hispanic undocumented 

immigrants.  The objectives of this study are to develop and internally validate three predictive 

models of documentation status for Hispanic immigrants in the Southwestern US.  

 

Methods 

Source of Data 

Data for this project comes from two population-based samples from 2013 to 2014 in 

Tucson and Yuma, AZ, and includes 473 total individuals.83,84 Participants were recruited from 

two majority Hispanic neighborhoods (Tucson study)12 or farmworker communities (Yuma 

study).11 Participants in the Tucson study were selected from community residents, with those 

in the Yuma study drawn from randomly selected households within specific census blocks from 

low-income communities. A range of demographic, health behavior, and disease status 

indicators were collected in each cross-sectional study examining the effects of stress on mental 

and physical health outcomes in border communities (Figure 2). In both studies, participants 

self-reported their documentation status. All participants from the Tucson and Yuma studies 

were used in the creation of the prediction models.  
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Figure 1. Study sample pooling for prediction models 

 

Measures 

Individual documentation status, a binary variable of documented or 

undocumented, was the outcome of our prediction mode. While documentation status 

was known for the entire sample, it was randomly assigned as “missing” for 50 percent of the 

sample, with the known values of documentation status for this 50 percent forming the basis of 

comparison between the predicted values and the observed values to gauge the models’ 

performance. 

Predictors taken from each study and used in the prediction models included 

demographic, health behavior, and disease status indicators. Age was recorded as a continuous 

variable and was measured in years. Categorical variables included were: sex (male or female); 

insurance status (insured or uninsured); overall health (excellent, very good, good, fair, or poor); 

marital status (single, married, or other); education level (never attended, completed grade 8 or 

less, completed grades 9-11, high school diploma or equivalent, completed some college, and 
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college graduate); tobacco use (current smoker, former smoker, never smoker); as well as 

previous diagnosis (yes/no) of each of the following conditions: hypertension, asthma, and 

diabetes. 

All predictors were self-reported by Tucson and Yuma study participants during 

interviews with trained study staff.  

Statistical Analysis 

Three prediction models were created and evaluated to determine the best approach for 

identifying documentation status. In the first model, documentation status was predicted using 

combined sample multiple imputation (CSMI), a method utilized in economics literature that 

aims to impute the immigration status of noncitizens in surveys lacking questions about 

immigration status.29,85-87 Documentation status and all predictors listed above from each study 

were combined into one sample. Documentation status was randomly assigned as “missing” for 

50 percent of the sample. Multiple imputation by chained equations (MICE) was then used to 

predict documentation status for the 50 percent of the sample for which it was “missing”, 

utilizing all predictors listed above. MICE specifies a suitable conditional imputation model for 

each incomplete variable and iteratively imputes until convergence.88 It has shown large 

efficiency gains and substantial reduction in omitted variable bias compared to other imputation 

techniques and has been the preferred method of imputing the immigration status of 

noncitizens into surveys lacking questions on immigration status.86,87  

The next two models utilized machine learning algorithms. In both, the data was split in 

two, with one half acting as the training data set to develop the algorithms, and the other half 
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acting as the testing data set to refine the algorithms’ performance. In the first of these 

algorithms, we utilized random forests, which is a non-linear model aggregating the results of a 

series of tree structure classifiers, or decision trees, in which each tree depends on the values of 

a random vector sampled independently and with the same distribution for all trees.89,90 

Random forests generally demonstrate high levels of accuracy, manage outliers and noise well, 

and are resistant to overfitting. In this model, we used 500 trees, with the node-size set to 

default, and 20 variables tried at each split.91 The final model, and the second machine learning 

algorithm, was a support vector machine, which is a highly robust prediction method in which 

input vectors are non-linearly mapped to a high dimension linear decision surface.92 It 

demonstrates high generalization and flexibility, and is also resistant to over-fitting.93 

Performance 

All models were assessed in terms of accuracy, precision, recall, and Matthews 

correlation coefficient. Accuracy is the rate at which the classifier is correct, or the level of 

agreement between predictions from the model and observed outcomes, in this case the 

predicted documentation status.94 Accuracy is defined as the sum of the number of true 

positives and true negatives, divided by the total number of observations, and ranges from 0 

percent to 100 percent with higher numbers indicating better accuracy. While it can trend 

towards overoptimism on the ability of the models to classify the majority class in an 

unbalanced data set (which ours was, with the number of undocumented individuals smaller 

than the number of documented individuals), it was included here, fol lowing traditional 

reporting methods.   
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Recall, also known as the true positive rate or sensitivity, corresponds to the number of 

true positives divided by the sum of true positives and false negatives (in this case 

undocumented status). Values range from 0 to 1, with higher values demonstrating better recall. 

Precision is the number of true positives divided by the sum of true positives and false positives 

(also undocumented status). Similar to recall, values range from 0 to 1, with higher values 

demonstrating better precision.  

Matthews correlation coefficient is a special case of the phi coefficient.95,96 It is a more 

reliable statistical rate than the F1 score, which is commonly used, and only produces a high 

score with all of the following: high proportions of true positives and true negatives, and low 

proportions of false negatives and false positives.96 It is resistant to the overoptimism problems 

of accuracy and is generally viewed as a means of overcoming class imbalance issues.19 It ranges 

from -1 (complete misclassification) to 1 (perfect classification). 

All analyses were completed in R (version 4.1.2).97 

Results 

Baseline characteristics 

The combined sample consisted of 473 individuals, of whom 85 were undocumented. 

The sample included 209 men and 263 women, aged 20 to 83 years of age at the time of their 

participation in the respective studies. Participants in the Tucson study had a higher proportion 

of undocumented individuals (33.9% to 8.7%, p < 0.001), and females (67.8% to 48.5%, p< 

0.001) compared to individuals in the Yuma study. Tucson participants were also more likely to 

be single (21.3% to 11.8%, p < 0.001) were more educated (p < 0.001), reported higher good or 
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better overall health (75.9% to 62.2%, p < 0.001) and a larger proportion that had never smoked 

(70.6% to 21.4%, p < 0.001) compared to individuals in the Yuma study. Rates between the two 

studies were similar for age, insurance status, and previous diagnosis of each of diabetes, 

hypertension, and asthma (Table 1). 

Table 1. Descriptive statistics, stratified by study group, of key study characteristics of 

participants in two Southwest studies examining the effect of stress on mental and physical 

health outcomes 

Characteristic 

Carvajal, et al. 
2013 

(Tucson, AZ) 
N = 174 

Carvajal, et al. 2014 
(Yuma, AZ) 

N = 299 p-value 

Undocumented, n (%) 59 (33.9) 26 (8.7) < 0.001 

Female, n (%) 118 (67.8) 145 (48.5) < 0.001 

Age, mean (SD) 46.2 (15.0) 44.3 (11.1) 0.06 
Marital Status    
     Single, n (%) 37 (21.3) 35 (11.8) < 0.001 
     Married, n (%) 108 (62.1) 239 (80.5)  

     Other, n (%) 29 (16.7) 23 (7.7)  
Education Level   < 0.001 

     Never attended, n (%) 3 (1.8) 3 (1.0)  

     Grades 1-8, n (%) 21 (12.5) 246 (82.3)  
     Grades 9-11, n (%) 46 (27.4) 47 (15.7)  
     High school diploma or GED, n 
(%) 46 (27.4) 3 (1.0)  

     Some college, n (%) 36 (21.4) 0 (0)  
     College degree or above, n (%) 16 (9.5) 0 (0)  

Insurance   0.07 
     Yes, n (%) 106 (62.0) 160 (53.5)  

     No, n (%) 65 (38.0) 139 (46.5)  

Overall health   < 0.001 
     Excellent 19 (11.2) 14 (4.7)  

     Very good 40 (23.5) 36 (12.0)  
     Good 70 (41.2) 136 (45.5)  

     Fair 31 (18.2) 109 (36.5)  

     Poor 10 (5.8) 4 (1.3)  

Tobacco use   < 0.001 

     Never smoker, n (%) 120 (70.6) 64 (21.4)  
     Former smoker, n (%) 23 (13.5) 45 (15.1)  
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     Current smoker, n (%) 27 (15.9) 190 (63.6)  

Previous diagnosis of:    
     Diabetes, n (%) 32 (18.8) 48 (16.1) 0.51 

     Hypertension, n (%) 40 (24.1) 64 (21.4) 0.69 
     Asthma, n (%) 16 (9.3) 16 (5.4) 0.11 

 

Accuracy, Precision, Recall, and Matthews Correlation Coefficient 

Table 2 details the accuracy, precision, recall, and Matthews correlation coefficient 

(MCC) of the three models. The model using MICE had the lowest rates of accuracy (64.3%), 

precision (0.81), recall (0.74), and MCC (-0.07). The random forests model was slightly better in 

all metrics with an accuracy of 73.1%, precision of 0.82, recall of 0.86, and MCC of 0.002. The 

support vector machine was the strongest in all categories, with an accuracy of 90.7%, precision 

of 0.90, recall of 0.99, and MCC of 0.66. Both the MICE and random forests models had 

relatively high false positive rates (19.5 and 13.9%, respectively) and very high false negative 

rates (86.8% and 85.9%, respectively), which led to very low MCCs. A similar rate of false 

positives (19.4%) combined with a very low false negative rate (0.5%) led to a much higher MCC 

for the support vector machine model.  

Table 2. Internal validation evaluation metrics for three models predicting undocumented status 

from two Southwest studies examining the effect of stress on mental and physical health 

outcomes 

  Accuracy Precision Recall 

Matthews Correlation 

Coefficient 

MICEa 64.3% 0.81 0.74 -0.07 

Random Forests 73.1% 0.82 0.86 0.002 

Support Vector Machine 90.7% 0.9 0.99 0.66 

a. MICE = Multiple Imputation by Chained Equations 
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Discussion 

The predictive models utilizing MICE and random forests fared poorly in all evaluation 

metrics. The support vector machine model, though, demonstrated high levels of accuracy, 

precision, recall, and MCC, showing a strong association between predicted and actual 

documentation status for this group of Hispanic individuals. While the MICE and random forests 

models do not appear to produce results worth further investigation, at least within this 

population, the support vector machine model demonstrated enough promise to justify its use 

in a new population. 

These models were developed to aid in further research into Hispanic undocumented 

populations. Given the sensitive nature of documentation status, it may not be feasible or 

advisable for researchers to gather that information regularly or directly from participants. 

While there is a burgeoning literature on this population and the development of predictive 

models of documentation status within other disciplines, it remains almost entirely 

undeveloped within health sciences. With the challenges of collecting documentation status, 

the ability to utilize a proxy created via predictive modeling is useful.  

Because of their vulnerable status, better understanding this population is important, 

especially if it is possible to do so via means that do not put individuals at direct risk or requi re 

identifying information. As these predictive models are built utilizing basic demographic, health 

behavior, and health outcome variables readily available in population and community research 

projects, they would be widely adaptable and could be utilized to help researchers gain a better 
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understanding of the health status or health outcomes of a range of diseases experienced by 

potentially undocumented Hispanic individuals.  

Strengths and Limitations 

The current prediction model complements and builds upon established prediction 

models for undocumented status used in economics and demonstrates the feasibility of 

incorporating health behavior and health outcome variables in models related to 

documentation status.  While the model used in economics (MICE) fared relatively poorly, the 

usage of machine learning, particularly support vector machine algorithms showed significant 

promise. One benefit of the current study is the assessment of the model’s performance via 

precision, recall, and Matthews correlation coefficient, which is not something typically done 

with CSMI within economics literature as documentation status in one of the samples is always 

unknown. Finally, the current analysis builds off of predictive modeling related to 

documentations status from a different discipline and found that while MICE may be useful and 

accurate in economics, the integration of health behavior and health status variables in addition 

to ones typically used previously appears to have had deleterious effects on its applicability to 

health data. 

This study is subject to several limitations. First, each model uses split-sample validation, 

in which the data set was divided into two, and half of it was used to create the prediction 

model, and the other half to validate it. This has efficiency losses because it does not use all 

available data for the model development.98. Secondly, these models were created using 

samples from southern Arizona. These specific models, and the predictors used to create it, 
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might have limited generalizability to different populations, and future researchers would likely 

need to validate it for their own populations. Finally, these models were not able to be 

externally validated, and would benefit from further validation with an unrelated data set in 

which documentation status and all predictor variables are known. 

The support vector machine algorithm in particular shows promise and seems a fruitful 

area of further research. While the rate of false positives remained relatively high, the effect of 

this in a real-world analysis may have minimal impact on the overall results. Because 

documented individuals are, relatively, healthier than undocumented individuals, incorrectly 

assigning an undocumented status to an individual who is not undocumented will likely only 

attenuate the effect of the object of study. This could lead to higher p-values and make it more 

difficult to determine statistical significance, but attenuating an effect towards the null is 

preferable to moving it away from the null in the opposite direction, which could happen with 

false negatives. The extremely low rate of false negatives, therefore, is encouraging, and overall 

support vector machine algorithms appear to warrant further investigation.  

Conclusions 

The expansion of predictive modeling of documentation status into health sciences presents a 

unique method for understanding the profile and potential needs of undocumented individuals. 

Utilizing predictive models could protect the safety of vulnerable individuals as well as make 

possible investigation into potentially undocumented individuals in settings where it would be 

impractical or impossible to gather information on documentation status first-hand. The results 
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of the current analysis demonstrate some promise and further investigation, and application, of 

these models appear warranted. 
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