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Abstract

We assessed the ability of high-risk criteria developed by Boston Health Care for the Homeless 

Program to identify increased mortality during a 10-year cohort study (January 2000–December 

2009) of 445 unsheltered adults. To qualify as high-risk for mortality, an individual slept 

unsheltered for six consecutive months or longer plus had one or more of the following 

characteristics: tri-morbidity, defined as co-occurring medical, psychiatric, and addiction 
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diagnoses; one or more inpatient or respite admissions; three or more emergency department 

visits; 60 years old or older; HIV/AIDS; cirrhosis; renal failure; frostbite, hypothermia, or 

immersion foot. A total of 119 (26.7%) individuals met the high-risk criteria. The remaining 326 

individuals in the cohort were considered lower-risk. During the study, 134 deaths occurred; 52 

(38.8%) were among high-risk individuals. Compared with sheltered individuals, the age-

standardized mortality ratio for the high-risk group was 4.0 (95% confidence interval 3.0, 5.2) 

times higher and for the lower-risk group was 2.2 (1.8, 2.8) times higher. The hazard ratio, a 

measure of survival, for the high-risk group was 1.7 (1.2, 2.4) times that of the lower-risk group. 

High-risk criteria predicted an increased likelihood of mortality among unsheltered individuals. 

The lower-risk group also had high mortality rates compared with sheltered individuals.
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Homelessness remains a major issue in the United States. According to the U.S. Department 

of Housing and Urban Development (HUD) Annual Homeless Assessment Report to 

Congress, nearly two million people experienced homelessness in 2017.1 On a single night 

in January 2017 in the U.S., approximately 550,996 people were homeless, of whom 

190,094 (34.5%) were living unsheltered, also known as sleeping rough.1 The majority 

(69%) of individuals living unsheltered were chronically homeless, defined by HUD as 

individuals with a diagnosable disability who have been continuously homeless for one year 

or longer or have experienced four or more episodes of homelessness over the previous three 

years.1,2 Chronically homeless persons make up approximately 10–15% of the general 

homeless population but use 50% or more of the available emergency services.1,3 In an 

effort to improve health outcomes and decrease use of costly health and social services for 

the unsheltered chronically homeless population, securing housing in permanent supportive 

housing (PSH) programs, such as Housing First, has been a key strategy for this vulnerable 

group.4

A sparse but growing literature suggests that unsheltered individuals in the U.S. are 

homeless longer than their sheltered homeless counterparts, are sicker, and bear a higher 

burden of co-occurring medical, psychiatric, and substance use disorders.5–8 These 

individuals also use emergency services more frequently and lack continuity of care.6,7,9 The 

unsheltered population has been shown to have a high burden of risk factors for mortality 

and a higher mortality rate than sheltered individuals.10,11

Previous research identified risk factors for mortality in a sheltered homeless population in 

Boston.12–14 Clinicians and homeless service providers at the Boston Health Care for the 

Homeless Program (BHCHP) adapted these risk factors into high-risk criteria for use in 

clinical and research contexts with the unsheltered population to understand better the risk 

factors for morbidity and mortality. Later, a PSH organization, Common Ground (now 

known as Community Solutions), further adapted the high-risk criteria to create a 

Vulnerability Index (VI) to prioritize individuals for PSH, even though the criteria had not 

been developed or validated for this purpose.15,16
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In this study, we aim to determine if the high-risk criteria developed by BHCHP predicted an 

increased risk of mortality in a cohort of unsheltered individuals. This paper describes and 

assesses these criteria through survival analysis and age-standardized all-cause and cause-

specific mortality rates. We used the 2000–2009 Massachusetts adult population and a 

2003–2008 sheltered homeless cohort from Boston as comparison groups. These data are 

unique as these are the only longitudinal data available on unsheltered adults in the U.S. We 

hypothesized that the high-risk criteria would predict significantly high mortality rates and 

that those in the lower-risk group would still experience excess mortality compared with 

sheltered individuals and the general population.

Methods

Study design and study population.

We conducted a 10-year prospective study from January 1, 2000 to December 31, 2009 of 

445 unsheltered adult patients of BHCHP’s street team, as described in depth elsewhere.11 

The street team is a multidisciplinary team of clinicians who care for unsheltered adults 

where they live (i.e., on the streets, on park benches, under bridges). The analytic cohort 

consisted of individuals aged 18 years and older who had slept outside for at least one night 

and had at least one face-to-face encounter with a BHCHP street team clinician during the 

year 2000. Our study received institutional review board approval from Boston University 

Medical Center and Harvard T.H. Chan School of Public Health.

Data collection.

Data were collected at initial and subsequent encounters and consisted of demographic 

characteristics, encounter time and location, and reason for visit. The database was updated 

with each patient encounter. Date and cause of death were added to the database when a 

patient was known to have died. Upon enrollment, a medical chart review was conducted to 

determine if an individual met the criteria described below. Individuals who met the criteria 

were considered high-risk for mortality and individuals who did not meet criteria were 

considered lower-risk for mortality. The high-risk variable was dichotomous, and the 

qualifying criteria were not recorded in the database. The high-risk variable had no missing 

data. All individuals received the same care from BHCHP regardless of risk stratification.

Study groups.

We used standardized mortality ratios (SMR) to compare mortality rates in the unsheltered 

study cohort to the 2000–2009 Massachusetts adult population and a 2003–2008 sheltered 

homeless cohort.11,17 Data for the Massachusetts population were taken from the Centers for 

Disease Control and Prevention (CDC) Wide-ranging Online Data for Epidemiologic 

Research (WONDER) for ages 18 to 84 years from 2000–2009.11 Data for the adult 

homeless cohort were obtained from the 2013 study by Baggett et al., and included 28,033 

homeless adults 18 years old or older who had one or more encounters with a BHCHP 

clinician between January 1, 2003 to December 31, 2008.11,17
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Development of the high-risk for mortality criteria.

The criteria were developed by BHCHP based on clinical evidence and homelessness 

mortality studies conducted at BHCHP during the later 1990s.12–14,18 The criteria were 

heavily influenced by the findings from a small cluster of 12 deaths among unsheltered 

Boston adults during the winter of 1998–99 and the causes and risk factors for death found 

in two early homelessness mortality studies.12–14,18 Research into the cluster of deaths 

showed that three-quarters had been seen in an emergency department or had an inpatient 

admission within three weeks of death, half had been admitted to BHCHP’s medical respite 

program, a 24-hour nursing and medical program for homeless individuals who no longer 

require hospitalization, during the six months prior to death, most (87%) had been at a 

detoxification unit within six weeks of death, most (66%) suffered “tri-morbidity” (i.e., co-

occurring medical, psychiatric, and addiction diagnoses), all had major medical issues and 

an active substance use disorder, and two-thirds had a major mental illness.14,18 Previous 

research showed HIV/AIDS to be leading cause of death and that a subgroup of the 

homeless population had an extremely high risk of death due to certain medical conditions 

such as renal disease, liver disease, and arrhythmias.12,13,18 In the years following these 12 

street deaths and the homeless mortality studies, BHCHP prospectively followed a cohort of 

unsheltered adults to evaluate mortality risk over time using the high-risk criteria.

The high-risk criteria were: an unsheltered individual age 18 or older had been sleeping on 

the streets for six consecutive months or more, plus any one or more of the following 

criteria: suffered from tri-morbidity; one or more inpatient admission(s) or BHCHP respite 

admission(s) anytime during the previous year; three or more visits to the emergency 

department in previous three months; 60 years old or older; HIV/ AIDS diagnosis; cirrhosis, 

end-stage liver disease, or renal failure diagnosis; and/or history of frostbite, hypothermia, or 

immersion foot. The BHCHP medical respite unit is a facility where homeless or previously 

homeless adults can be admitted to recover from medical issues when they do not need to be 

admitted to the hospital but are too ill to recover in a shelter or on the streets. Tri-morbidity 

was assessed by medical chart review through the diagnoses listed in a patient’s BHCHP 

chart. When a member of the cohort had medical, psychiatric, and addiction diagnoses listed 

in their chart, they were considered to have tri-morbidity.

Statistical analyses.

Statistical analyses were performed using Stata®14 (StataCorp, College Station, TX) and 

Microsoft® Office Excel 2013. The risk groups were used as standard populations for age-

standardized mortality ratio calculations. The dates and causes of death were confirmed by 

linking the study database to the Massachusetts Department of Public Health death 

occurrence files using LinkPlus 2.0, as described in Roncarati et al. 2018.11 The SMRs were 

calculated in the same method also described in Roncarati et al. 2018: creating age-specific 

per person-year mortality rates for the young, middle, and old age categories for 

Massachusetts population and the sheltered homeless cohort; multiplying the age-specific 

per person-year mortality rates by age-specific person-year for both risk groups; summing 

the three age-specific products separately for the risk groups to determine the expected 

number of deaths for each group; and dividing the number of observed deaths by the number 

of expected deaths separately for both risk groups.11 Standardized mortality ratios were 
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calculated when the number of deaths in a category was five or more and 95% confidence 

intervals (CI) were calculated for the SMRs.

We also created Kaplan-Meier Survival Estimate curves by risk level and assessed for 

differences in survival by risk level using age-stratified Log-Rank Tests for Equality. We 

then modeled time until death using a Cox Proportional Hazard Model controlling for age, 

race/ethnicity, and gender. Significance of multi-category prediction (i.e., age and race/

ethnicity) was assessed using a Likelihood Ratio Test. A significance level of <.05 was used 

for all statistical testing.

Results

Cohort characteristics.

Of 445 unsheltered adults in the study cohort, 119 (26.7%) met the high-risk for mortality 

criteria. Those in the high-risk group were older and more likely to be white than the lower-

risk group (Table 1). Characteristics of the Massachusetts adult population and sheltered 

homeless cohort can be found in Roncarati et al. 2018.11

Mortality rates.

During the study, 134 deaths occurred, including 52 (38.8%) in the high-risk group. The all-

cause SMR for the high-risk group was 15.5 (95% CI 11.7, 20.2) times that of the 

Massachusetts adult population and 4.0 (95% CI 3.0, 5.2) times that of the sheltered 

homeless cohort (Table 2). The all-cause SMR for the lower-risk group was 7.9 (95% CI 6.3, 

9.8) times that of the Massachusetts adult population and 2.2 (95% CI 1.8, 2.8) times that of 

the sheltered homeless cohort (Table 2).

Causes of death.

Among the unsheltered homeless group, the highest rates of death for the high-risk group 

were for conditions directly attributable to substance use, especially alcohol; communicable 

diseases such as HIV/AIDs; injuries such as falls, drownings, and hypothermia; and 

noncommunicable disease such as cancer and heart disease (Table 2). All comparisons with 

the high-risk group were statistically significant. The lower-risk group cause-specific SMRs 

were about half those of the high-risk group but were still high compared with the 

population of Massachusetts and a sheltered cohort in Boston. The patterns for cause-

specific SMRs were similar to the high-risk group with a few differences. The lower-risk 

group had SMRs, including their confidence intervals, that demonstrated statistical 

significance for substance use, but with more opioid-attributable deaths; a statistically 

significant SMR for HIV/AIDS compared with Massachusetts but not significant compared 

with the sheltered cohort; a statistically significant SMR for injuries; and statistically 

significant SMRs for heart disease and cancer compared with Massachusetts yet only 

significant for cancer when compared with the sheltered cohort. Overdose deaths occurred 

evenly throughout the study. The overdose deaths were not clustered. On average there was 

one overdose death per year. The overdose deaths primarily occurred among the younger 

lower-risk group.
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Survival analysis.

Among the unsheltered homeless group, the high-risk group’s Kaplan-Meier Survival 

Estimate curves showed lower probabilities of survival at five and 10 years compared with 

the low-risk group (Fig. 1). Log-Rank Tests for Equality were statistically significant, 

indicating that the two survival curves were significantly different from each other. The 

mortality hazard for the high-risk group was 1.7 (95% CI 1.2, 2.4) times that of the lower-

risk group, meaning that there were 1.7 times the number of deaths for the high-risk group 

compared to the lower-risk group (Table 3). Additional variables were included in the 

survival analysis as controls (Table 3).

Discussion

Our study assessed the ability of criteria developed by BHCHP to identify unsheltered 

individuals at increased risk of death. This study adds significantly to the growing literature 

on unsheltered homelessness and mortality among homeless populations. The mortality rate 

for the high-risk group was 15 times higher than the Massachusetts population and four 

times higher than a sheltered cohort. Within the unsheltered cohort, Cox modeling showed a 

1.7-fold risk of death for the high-risk group compared with the lower-risk group. The all-

cause SMR for the lower-risk group was nearly eight times that of Massachusetts’ and more 

than double that of the sheltered Boston cohort leading us to conclude that both the lower-

risk and the high-risk group had substantial risk for mortality.

Individuals in the high-risk group were older on average than those who did not meet the 

criteria. The older average age for the high-risk group could reflect a greater proportion of 

chronically homeless individuals in the high-risk group. Unsheltered Black individuals had 

half the risk of death that unsheltered White individuals in our study had. Higher rates of 

death for White homeless adults has been a consistent finding across homeless mortality 

studies although the reasons for this finding remain unknown.12,13,17–20 Further 

investigation is warranted. Age-adjusted cause-specific SMRs were about twice as high for 

the high-risk as for the lower-risk group (and were significant). We suggest that the high-risk 

criteria identified those whose conditions and disabilities were more advanced or of longer 

duration.

Our study suggests that the high-risk criteria identify those with a greater risk of death, and 

it also showed that unsheltered homeless persons who did not meet these high-risk criteria 

were at much higher risk of mortality compared with both a sheltered homeless cohort and 

to the general population. The high-risk criteria were intended for clinicians who care for 

unsheltered adults to have an additional clinical tool to heighten their awareness of risk of 

death for this population. This study was not intended to validate the use of high-risk criteria 

for the prioritization of individuals for housing nor does it validate the Vulnerability Index 

(VI). Our (BHCHP’s) high-risk criteria and the VI are related but the purpose and 

methodology for each differ. The BHCHP criteria were developed to assist clinicians in 

identifying health conditions and health care utilization patterns that may place unsheltered 

adults at higher risk of death. In contrast, the VI is a tool to assist in prioritizing both 

sheltered and unsheltered homeless persons to receive limited housing resources.15,21 The 

BHCHP criteria are determined through a formal clinical assessment as well as extensive 
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review of medical records, whereas the VI was developed as a self-report survey and has not 

been fully validated.16,21 The VI has been used as an effective community-organizing tool 

that has helped prioritize thousands of homeless individuals for placement in PSH in 

communities throughout the U.S.15,22 Most homeless service providers use some version of 

the VI to help prioritize PSH. A common version of the VI is called Vulnerability Index-

Service Prioritization Decision Assistance Tool or VI-SPDAT created by Community 

Solutions and OrgCode Consulting, Inc. in 2013.23 The VI-SPDAT is a HUD approved tool 

for prioritizing chronically homeless persons for resources.23,24

Limitations.

This study has certain limitations. The high-risk criteria used by BHCHP result in a 

dichotomous variable rather than a continuous score. Future investigation could include each 

of the criteria in a model instead of using a dichotomous variable to further understand 

which components of the criteria contribute most to increased mortality. Members of the 

high-risk group as a result tended to be older on average and likely homeless for longer. 

However, when age was controlled in the Cox model, the mortality hazard for the high-risk 

group was 1.7 times higher than that of the lower-risk group. The length of time homeless 

was not known for the lower-risk group, and future studies should account for the length of 

homelessness, as well as time spent sleeping outside, to better determine the effects of 

chronicity on risk of mortality.

As in our previous study, a potential for selection bias exists because some people living on 

the streets during the enrollment period may not have been encountered by the BHCHP 

street team.11 This risk was minimized by the street team having a strong network of ties 

with all outreach workers and services in the Greater Boston area. Our study focused on 

death data from Massachusetts; deaths occurring in other states were not included in our 

analysis. Individuals who traveled and subsequently died outside Massachusetts could be a 

source of selection bias insofar as those individuals capable of travel may differ from those 

unable or unwilling to do so. This limitation could be addressed in the future by using 

national death data.

Our study used criteria derived from previous mortality studies and clinical evidence to 

predict mortality among homeless people living outside in an urban setting. The findings 

from our study are applicable to similar-sized urban settings within the U.S. Although our 

data are from 2000–2009, the results are still informative for people experiencing 

unsheltered homelessness today, primarily since this study encompassed a full decade and to 

date is the only longitudinal dataset available on this elusive population of unsheltered adults 

in the U.S.

Conclusions.

Our results confirm that the high-risk for mortality criteria predicted significantly high 

mortality rates but also that those in the lower-risk group experienced excess mortality 

compared with sheltered individuals and the general Massachusetts population. The use of 

these criteria and other measures to prioritize the unsheltered population and other homeless 

subpopulations is a complex issue. Our findings suggest that sleeping unsheltered, for any 
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length of time, may well be an independent risk factor for increased mortality and a 

necessary factor in the assessment of vulnerability among homeless populations.
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Figure 1. 
Kaplan-Meier survival estimates for unsheltered cohort by risk-level.
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Table 1.

CHARACTERISTICS OF UNSHELTERED COHORT, 2000–2009

Characteristic Cohort N=445 N (%)
High-Risk

a
 N=119 N 

(%)
Lower-Risk N=326 N 

(%) Decedents N=134 N (%)

Age (years)

 18–44 248 (55.7) 57 (47.9) 191 (58.6) 56 (41.8)

 45–64 176 (39.6) 57 (47.9) 119 (36.5) 65 (48.5)

 ≥65 21 (4.7) 5 (4.2) 16 (4.9) 13 (9.7)

Race/Ethnicity

 White 299 (67.2) 91 (76.5) 208 (63.8) 108 (80.6)

 Black 94 (21.1) 16 (1 3 .4) 78 (23.9) 15 (11.2)

 Persons of Color/ Unknown
b 52 (11.7) 12 (10.1) 40 (12.3) 11 (8.2)

Gender
c

 Men 322 (72.4) 91 (76.5) 231 (70.9) 116 (86.6)

 Women 123 (27.6) 28 (23.5) 95 (29.1) 18 (13.4)

Risk-Level

 High-Risk 119 (26.7) 52 (38.8)

 Lower-Risk 326 (73.3) 82 (61.2)

Notes:

a
High-risk individuals slept unsheltered ≥6 consecutive months and met ≥1 criteria: tri-morbidity; ≥1 hospital admission or BHCHP respite 

admission during previous year due to major medical issue(s); ≥3 ED visits during previous 3 months; ≥60 years old; HIV or AIDS; cirrhosis, end 
stage liver disease, or renal failure; and/or history of frostbite, hypothermia, or immersion foot.

b
Persons of Color/Unknown Race/Ethnicity category contains individuals who reported their race/ ethnicity to be American Indian, Hispanic, 

Asian, or race/ethnicity was unknown.

c
No missing data for gender.
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Table 3.

CHARACTERISTICS ASSOCIATED WITH MORTALITY RISK IN THE UNSHELTERED COHORT 

(N=445)

Hazard Ratio (95% CI) p-value (.05)

Age (years)

 18–44 1.0

 45–64 1.5 (1.0, 2.1) .032

 65–84 3.6 (2.0, 6.7) <.0001

Race/Ethnicity

 White 1.0

 Black   .5 (.3, .8) .006

 Persons of Color/Unknown
a   .5 (.3, 1.0) .054

Gender
b

 Women 1.0

 Men 2.7 (1.6, 4.4) <.0001

Risk-Level

 Lower-Risk 1.0

 High-Risk
c 1.7 (1.2, 2.4) .003

Notes:

a
Persons of Color/Unknown were individuals who reported their race/ethnicity to be American Indian, Hispanic, Asian, or race/ethnicity was 

unknown

b
No missing data for Gender

c
High-risk individuals slept unsheltered ≥6 consecutive months and met ≥1 criteria: tri-morbidity; ≥1 hospital admission or BHCHP respite 

admission during previous year due to major medical issue(s); ≥3 ED visits during previous 3 months; ≥60 years old; HIV or AIDS; cirrhosis, end 
stage liver disease, or renal failure; and/or history of frostbite, hypothermia, or immersion foot

CI is Confidence Interval
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