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Summary
Background There is a dearth of data regarding diabetes control among patients experiencing homelessness

Methods We retrospectively collected type 2 diabetes-related measurements, sociodemographic, and clinical indica-
tors from medical records of all incoming adults with diabetes (n = 418; homeless: 356 and domiciled: 58) seen in
shelter-clinics in New York City in 2019. The outcomes were the rates of inadequately managed diabetes and associ-
ated factors.

Findings Bivariate analysis showed that patients experiencing homelessness (63% Black; 32% Hispanic) 134/304
(43�9%) were more likely than domiciled patients 13/57 (22¢8%) to have inadequately managed diabetes (OR 2�67,
CI 1¢38−5¢16, p = 0�003). The average HbA1c among homeless (8¢4%, SD§ 2¢6) was higher than that of domiciled
persons (7¢3%, SD§ 1¢8, p = 0¢002). In logistic regression, domiciled status (OR 0� 42, CI 0¢21 − 0¢84, p = 0¢013),
older age (OR 0¢97, CI 0¢95 − 0¢99, p = 0¢004), and non-Hispanic/Latino ethnicity were associated with well-man-
aged diabetes. Among persons experiencing homelessness, non-Hispanic/Latino (OR 0¢61, CI 0¢37−0¢99,
p = 0¢047) and older age (0¢96, CI 0¢94−0¢99, p = 0¢003) were associated with well-managed diabetes. In linear
regression, mental illness (-0¢11, p = 0¢048) and older age (-0¢15, p = 0¢010) were associated with lower HbA1c, sug-
gesting better support in respective shelters. There was no statistically significant association between inadequately
managed diabetes with several traditional risk factors including substance or alcohol use disorder, health insurance,
or other chronic diseases.

Interpretation Interventions at shelters or shelter-clinics should target subgroups in addition to addressing tradi-
tional risk factors to improve diabetes control. mHealth strategies could be considered to improve engagement, care
delivery, and medication taking. Ultimately, homelessness itself needs to be addressed.
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Introduction
Worldwide, over 100 million people, including millions
of Americans, experience homelessness each year.1−3

The population of adult persons experiencing homeless-
ness is aging, and the risk for chronic diseases among
this population is rising.4 Persons experiencing home-
lessness are at the same risk for developing diabetes
mellitus (DM) compared to the general population.5−9

Diabetes management in persons experiencing
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Research in context

Evidence before this study

Homelessness is a widespread social problem and
patients experiencing homelessness are subject to
multi-level barriers that affect healthcare. Limited stud-
ies suggest that patients experiencing homelessness
are at equal or higher risk of developing diabetes melli-
tus as compared to the general population and are at
higher risk for diabetes-related complications. There is
still a dearth of data to characterize diabetes manage-
ment in patients experiencing homelessness, and dia-
betes control strategies have not been studied in this
marginalized population.

Added value of this study

To our knowledge, this is one of few studies to charac-
terize diabetes and predictors of inadequately managed
diabetes in a population of patients experiencing home-
lessness compared with domiciled patients. Our results
show that patients experiencing homelessness are at
much higher risk for inadequately managed diabetes
than underserved domiciled patients. Although there
were several traditional risk factors associated with
inadequately managed diabetes in bivariate analysis,
most did not retain significance in multivariable analy-
sis. Based on our findings, housing status, ethnicity, and
age were independent risk factors for diabetes manage-
ment. Patients with mental health had better managed
diabetes which we hypothesized was possibly due to
mental health medication adherence services in the
shelters. Homelessness itself likely masks the impact of
other traditional risk factors for inadequately managed
diabetes.

Implications of all the available evidence

Diabetic patients who experience homelessness are at
higher risk for inadequately managed diabetes than
domiciled patients. Adapted strategies, such as health
facility- and shelter-level interventions or mHealth solu-
tions, could be of significant benefit to support these
patients in the management of diabetes. Nevertheless,
addressing homelessness itself as an important social
factor should not be overlooked in the care of chronic
diseases among patients experiencing homelessness.

Articles

2

homelessness has not been well-studied.10,11 Persons
experiencing homelessness with diabetes have a higher
rate of emergency room visits and hospital admissions
for diabetes complications than domiciled adults.12 Per-
sons experiencing homelessness experience mental ill-
ness or substance misuse, encounter discrimination
and stigma within the healthcare system, and face bar-
riers to accessing primary care and achieving therapeu-
tic lifestyle changes.13−15

Generic diabetes management strategies have been
evaluated and established in the general population, but
they have not yet been assessed or adapted among
patients experiencing homelessness. Limited qualitative
studies have demonstrated barriers to optimal diabetes
management among persons experiencing homeless-
ness, including prioritizing diabetic care, diabetes-
related expenses, limited access to healthy food, and
inadequate health resources.16 Additional barriers such
as competing demands, substance abuse, and stress
could complicate diabetes management in this popula-
tion.17 There is a paucity of data regarding the rates and
predictors of inadequate diabetes management among
people experiencing homelessness. This study aims to
assess diabetes control and rates and predictors of diabe-
tes that is not well-managed among patients experienc-
ing homelessness compared with those of domiciled
patients who receive medical care at New York City’s
shelter-clinics. The results will guide interventions
aimed at improving diabetes management among this
vulnerable population.
Methods

Population studied
The Community Medicine Program of New York Uni-
versity School of Medicine supports multiple clinics
throughout New York City including shelter-based clin-
ics which provide medical services to the population
who experience homelessness. Clinics operate on week-
days and provide a wide range of primary care services
including general medicine, psychosocial and substance
abuse services, onsite laboratories and a wide range of
health promotion activities. Services are offered free of
charge to persons who experience homelessness and
medications are available free of charge through the
state-run public insurance, Medicaid. Providers include
internists, family physicians, nurse practitioners, social
workers and mental health providers such as psychia-
trists and psychologists. A few clinics also have medical
students and resident physicians. The clinics use elec-
tronic medical records that are shared across all com-
munity medicine clinics. Community medicine clinics
offer medical services to around 7000−8000 patient-
visits per year. Shelter-clinics are also open and available
to non-homeless individuals who are often from low-
income surrounding communities. We retrospectively
reviewed the medical records of all incoming, unique
patients to the shelter clinics with the diagnosis of dia-
betes to determine and compare the rates of inade-
quately managed type 2 diabetes between persons
experiencing homelessness and domiciled patients with
diabetes who sought care at the shelter clinics. We eval-
uated sociodemographic factors and clinical indicators
to identify those associated with inadequately managed
diabetes.

Patients on average have 3−4 visits per year. How-
ever, this may differ widely for the homeless persons
www.thelancet.com Vol 48 Month June, 2022
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who may use the clinic services from somewhere
between a month to 12 months depending on their liv-
ing arrangement. We accessed electronic medical
records to identify all incoming patients with a diagno-
sis of type 2 diabetes who were seen for an appointment
between January 2019 and December 2019 in the shel-
ter-clinics. Inclusion criteria included patients with dia-
betes age 21 and above who received care at Community
Medicine’s shelter-clinics during 2019. We extracted
the most recent hemoglobin A1c (HbA1c) and blood glu-
cose levels in 2019. As a standard clinical practice, the
most recent values are used to adjust the clinical man-
agement for a patient with diabetes. HbA1c was consid-
ered inadequately managed when 8% or greater. While
stringent glycemic control (HbA1c <7%) is recom-
mended for non-pregnant adults, less stringent A1c
goals (HbA1c <8%) may be appropriate for patients
with risk of hypoglycemia, older patients with diabetes,
extensive co-morbidity, longstanding DM or in people
who may have more difficulty in diabetes manage-
ment.18 We also collected sociodemographic informa-
tion and clinical indicators recorded during 2019,
including age, race, gender, health insurance status,
housing status, duration of homelessness, most recent
body mass index (BMI), glomerular filtration rate
(GFR), lipid levels, and blood pressure readings. We
also recorded active chronic diseases including hyper-
tension, chronic kidney disease, coronary artery disease,
hyperlipidemia, tobacco use, alcohol and other sub-
stance use disorders, and mental illnesses including
mood disorders, anxiety disorders, and psychosis.

Homelessness is not a well-defined term. Housing
status was ascertained through a combination of factors
including determination by the Department of Home-
less Services, social security information, and medical
record review as self-reported status. Duration of home-
lessness was recorded if indicated in the medical
records. Blood pressure was evaluated based on the
Eighth Joint National Committee Guidelines for the
Management of Hypertension in Adults. A data extrac-
tion checklist/tool was created in Excel. One trained
research team member reviewed all medical records
and extracted data. The same researcher double-checked
the data for accuracy one more time. A random sample
of medical records was double-checked for data accuracy
by a second researcher. The research team discussed
and reviewed the definitions for indicators/co-variates
and potentials for measurement errors. They devised
appropriate processes to decrease measurement errors
because the data was frommedical records and collected
and documented by multiple providers. This helped to
improve consistency in definition and measurements to
the extent that was possible. In cases that one indicator/
covariate was documented inconsistently throughout
the medical records, the most recent documentation
and/or the most commonly used form of documenta-
tion was used and recorded. These processes were
www.thelancet.com Vol 48 Month June, 2022
consistently applied to any specific indicator/covariate
obtained from all medical records. (For example, if dur-
ing three visits in 2019 a person indicated different
number of cigarettes a day or different number of epi-
sodes of homelessness etc.). The shelter clinics are pri-
marily based in the shelters but also accessible to non-
sheltered individuals who are from low-income sur-
rounding communities or individuals who are no longer
homeless but continue to see their established pro-
viders. Therefore, while an overwhelming number of
patients seen in these clinics are the ones who are cur-
rently homeless, there are other non-homeless patients
seen in the clinics.
Study outcomes and statistical analyses
The primary outcome was the rate of inadequately man-
aged diabetes in persons experiencing homelessness
and domiciled patients. Diabetes management was eval-
uated by HbA1c level (both measured as a dichotomous
variable with threshold of HbA1c <8% as well as a con-
tinuous measure). We collected sociodemographic fac-
tors and clinical indicators associated with inadequately
managed diabetes in persons experiencing homeless-
ness and domiciled populations. The HbA1c level was
measured as a percentage using either lab-analyzed
blood samples or point-of-care testing. Continuous vari-
ables were duration of homelessness (years), age (years),
BMI (kg/m2), blood glucose (mg/dL), total cholesterol
(mg/dL), low-density lipoprotein (mg/dL), systolic and
diastolic BP (mmHg), glomerular filtration rate (mL/
minute), number of chronic diseases and mental ill-
nesses, and number of daily cigarettes. All other inde-
pendent variables were categorical.

We calculated and reported the numbers and propor-
tions of primary outcomes and associated factors.
Descriptive statistics, univariate and bivariate analysis
using x2, student t-test as well as logistic regression with
adjusted odd ratios with 95% Confidence Interval (CI)
were performed as indicated. Statistical significance was
determined by the two-sided x2 or t-test. In logistic
regression, potential confounders with a statistical signif-
icance of less than 0.1 in bivariate analysis or important
clinical relevance were included in the model through a
step-wise approach. We looked at the correlation of pre-
dictors with HbA1c level and their association with ade-
quately versus inadequately managed diabetes in study
participants. There are established processes in the clin-
ics to include and document most clinical and sociode-
mographic data from different entry points consistent
with the requirements at the City, State, and Federal gov-
ernment. Therefore, missing data for an overwhelming
number of indicators was not a significant issue and we
did not use any statistical data analysis to account for the
potential impact of missing data. SPSS Version 25�0 was
used for data analysis. We used STROBE guideline to
report this observational study. This study was
3



Articles

4

retrospective and a secondary analysis of data from medi-
cal records of patients with diabetes seen in the commu-
nity medicine clinics. There was no subject contact, and
no informed consent was obtained for the purpose of
this secondary data analysis. As part of the usual care in
the clinics, all patients provided informed consent to care
and for their de-identified data to be used for the purpose
of research and evaluation. The Institutional Review
Board of New York University School of Medicine
approved this study (Protocol #: i19−01887).
Role of the funding source. There are no founding
sources to declare.
Results
In this retrospective secondary analysis study, the total
population studied was 418 patients, including 356
(85%) patients experiencing homelessness, 58 (14%)
domiciled patients, and 4 (1%) patients of unknown
housing status. All eligible subjects were included in
the study and their data was analyzed. Due to logistical
factors, not all sociodemographic and clinical indicators
were available for all patients.
Comparison of findings between two groups, patients
experiencing homelessness versus non-homeless
Tables 1−3 present findings and analysis of data among
the overall homeless and non-homeless subgroups.
Among the total population, the average age of partici-
pants was 50¢4 years (standard deviation (SD)§10�2).
Patients experiencing homelessness were more likely to
be younger (average age 54�7 years, SD§9�6) than
domiciled patients (average age 61�0 years, SD§11�7
years; p < 0�001). Most patients were male (319/416,
76�3%). Patients experiencing homelessness were more
likely to be male (283/354, 79�9%,) than domiciled
patients (33/58, 56¢9%, 95% confidence interval (CI)
1�69−3�50; p < 0�001). Among the subgroup of patients
experiencing homelessness, race and ethnicity data
were as follows and compared with the rates among
New York City’s general population based on the United
States Census Bureau 2019 estimates: African Ameri-
can (64�7% vs. 24¢3%), Hispanic (31¢9% vs. 29¢1%),
white (23¢6% vs. 42¢7%), and other (11¢6%, vs. 18¢3%).
Patients experiencing homelessness were significantly
more likely to be Black (200/309, 64¢7%) than domi-
ciled patients (21/52, 40¢4%; p = 0¢005). Among the
total population, 8¢7% were uninsured, with patients
experiencing homelessness (35/352, 9¢9%) significantly
more likely to be without health insurance than domi-
ciled patients (1/58, 1¢7%; p = 0¢05).

Patients experiencing homelessness were more
likely to have inadequately managed diabetes (defined
as A1c ≥ 8%) compared to domiciled patients (134/305,
43¢9% vs. 13/57, 22¢8%; OR 2¢67, SD§1¢38−5¢16;
p = 0¢003). The mean HbA1c among patients experienc-
ing homelessness was 8¢4% (SD§2¢60) compared to
7¢3% (SD§1¢80) among domiciled patients (p < 0¢001).
Among patients experiencing homelessness, 32¢9% had
a HbA1c of 9¢0% or higher, compared to 10¢5% of domi-
ciled patients (p = 0¢003). Patients experiencing home-
lessness had higher average random glucose levels than
domiciled patients (198, SD§107 vs. 159, SD§89;
p = 0¢01). Patients experiencing homelessness were sig-
nificantly more likely to have inadequately managed
hypertension (defined as systolic blood pressure (SBP)
≥ 140 or diastolic blood pressure (DBP) ≥ 90) than
domiciled patients (104/332, 31¢3% vs. 8/57, 14¢0%; OR
2¢79, CI 1¢28−6¢11; p = 0¢008). Patients experiencing
homelessness compared with domiciled patients were
less likely to have hyperlipidemia (177/355, 49¢9% vs.
40/58, 69¢0%; p = 0¢007), though were more likely to
have a most recent low-density lipoprotein (LDL) value
over 100 (82/221, 37¢1% vs. 8/47, 17¢0%; p = 0¢008).
Patients experiencing homelessness were more likely to
have active substance abuse compared to domiciled
patients (81/350, 23¢1%, vs. 4/56, 7¢1%; OR 3¢91; 95% CI
1¢37−11¢15; p = 0¢006), and were more likely to smoke
cigarettes compared to domiciled patients (191/349,
54¢7%, vs. 19/56, 33¢9%; OR 2¢35, 95% CI 1¢30−4¢23;
p = 0¢004). Additional sociodemographic characteristics
are and clinical indicators are included in Table 1.

Among the overall population, factors associated
with inadequate diabetes management were shown in
persons experiencing homelessness (OR 2¢67, 95% CI
1¢38−5¢16, p = 0¢003), Hispanic/Latino ethnicity (OR
1¢57, 95% CI 1¢01−2¢45; p = 0¢05), lack of primary care
provider (112/215, 52¢1%, vs. 99/147, 67¢3%; p = 0¢001),
and higher total cholesterol (179 § 45 vs. 162§39;
p = 0¢001).

In bivariate analysis with diabetes management mea-
sured with HbA1c as a continuous variable, older age
(correlation coefficient -0¢19; p < 0¢001) was correlated
with lower HbA1c. Ethnicity was not significantly asso-
ciated with higher HbA1c, though the mean HbA1c was
higher among Hispanic/Latino patients (8¢5 § 2¢7 vs
8¢1 § 2¢4; p = 0¢09). Patients with mental illnesses had
a lower average HbA1c compared to those without men-
tal illness (8¢0%, SD 2¢40, vs. 8¢5%, SD 2¢59; p = 0¢03).
Additional bivariate analysis is included in Table 2.

In logistic regression of the total patient population
when housing status, age, ethnicity, provider status,
insurance status, history of hypertension, diastolic blood
pressure, total cholesterol, history of mental illness, cig-
arette smoking, alcohol use disorder, chronic kidney
disease, CAD, and sex were in the model, domiciled sta-
tus (OR 0¢42, 95% CI 0¢21−0¢84; p = 0¢01), older age
(OR 0¢97, 95% CI 0¢95−0¢99; p = 0¢004), and non-His-
panic/Latino ethnicity (OR 0¢63, 95% CI 0¢40−0¢99;
p = 0¢05) were associated with adequately managed dia-
betes. In linear regression with HbA1c as a continuous
www.thelancet.com Vol 48 Month June, 2022



Total
(N = 418)

Experiencing Homelessness
(N = 356)

Domiciled
(N = 58)

p-value

Age, mean (SD) 54¢9 (10¢2) 54¢7 (9¢6) 61¢0 (12) <0¢001
Sex, No¢ (%) 416/418 (99¢5) 354/356 (99¢4) 58/58 (100)

<0¢001Male 319/416 (76¢3) 283/354 (79¢9) 33/58 (57)

Female 97/416 (23¢2) 71/354 (20¢1) 25/58 (43)

Race No. (%) 365/418 (86¢4) 309/356 (86¢8) 52/58 (90)

0¢005Black 223/365 (61¢1) 200/309 (64¢7) 21/58 (40)

White 100/365 (27¢4) 73/309 (23¢6) 25/58 (48)

Asian 8/365 (2¢2) 6/309 (1¢9) 2/58 (4)

Other 26/365 (7¢1) 23/309 (7¢4) 3/58 (6)

>1 race 8/365 (2¢2) 7/309 (2¢3) 1/58 (2)

Ethnicity, No. (%) 416/418 (98¢6) 354/356 (99¢4) 58/58 (100)

0¢25Hispanic/Latino 136/416 (33¢0) 113/356 (31¢9) 23/58 (40)

Non-Hispanic/Latino 279/416 (67¢0) 241/356 (68¢1) 35/58 (60)

Language, No. (%) 418/418 (100) 356/356 (100) 58/58 (100)

0¢63English 376/418 (90¢0) 318/356 (89¢3) 54/58 (93)

Spanish 40/418 (9¢6) 36/356 (10¢1) 4/58 (7)

Other 2/418 (0¢5) 2/356 (0¢6) 0/58 (0)

Provider, No. (%) 418/418 (100) 356/356 (100) 58/58 (100)

<0¢001No primary care physician 258/418 (61¢7) 251/356 (70¢5) 5/58 (9)

Shelter primary care physician 109/418 (26¢1) 60/356 (16¢9) 48/58 (83)

Community primary care physician 51/418 (12¢2) 45/356 (12¢6) 5/58 (9)

Insurance status, No. (%) 414/418 (99¢0) 352/356 (98¢9) 58/58 (100)

Uninsured 36/414 (8¢7) 35/352 (9¢9) 1/58 (2) 0¢05
Insured 378/414 (91¢2) 317/352 (90¢0) 57/58 (98)

Medicaid/Medicare 369/414 (89¢0) 311/352 (88¢4) 54/58 (93) 0¢13
Other insurance 9/414 (2¢2) 6/352 (1¢7) 3/58 (5)

Inadequately managed DM, No. (%) 147/362 (40¢7) 134/305 (43¢9) 13/57 (23) 0¢003
A1c level, No. (%) 362/418 (86¢7) 305/356 (85¢4) 57/58 (98)

0¢003< 8 215/362 (59¢6) 171/305 (56¢3) 44/57 (77)

8¢0 − 8¢9 41/362 (11¢1) 34/305 (10¢9) 7/57 (12)

≥ 9¢0 106/362 (29¢4) 100/305 (32¢9) 6/57 (11)

A1c, mean (SD) 8¢4 (2¢6) 7¢3 (2) <0¢001
Glucose, mean (SD) 197¢5 (107¢0) 159¢4 (89) 0¢01
Obesity, No. (%) 176/413 (42¢7) 154/356 (43¢6) 21/57 (37) 0¢34
Body mass index, mean (SD) 30¢4 (7¢5) 30¢4 (7¢7) 29¢9 (6) 0¢63
Hypertension, No. (%) 284/414 (68¢4) 237/356 (66¢6) 46/58 (79) 0¢05
Uncontrolled hypertension

(≥140/90), No. (%)

112/389 (28¢8) 104/332 (31¢3) 8/57 (14) 0¢008

Systolic blood pressure, mean (SD) 130 (19¢5) 130¢2 (20¢0) 127¢0 (15) 0¢25
Diastolic blood pressure, mean (SD) 79 (10¢3) 79¢2 (10¢4) 75¢9 (9) 0¢02
Coronary artery disease, No. (%) 39/414 (9¢4) 33/356 (9¢3) 5/58 (9) 0¢86
Chronic kidney disease, No. (%) 38/414 (9¢2) 32/356 (9¢0) 6/58 (10) 0¢75
Glomerular filtration rate < 60, No. (%) 45/302 (14¢9) 32/248 (12¢9) 13/54 (24) 0¢04
Glomerular filtration rate, mean (SD) 87¢71 (29¢75) 75¢40 (23) 0¢005
Hyperlipidemia, No. (%) 217/413 (52¢5) 177/355 (49¢9) 40/58 (69) 0¢007
Low-density lipoprotein > 100, No¢ (%) 90/268 (33¢6) 82/221 (37¢1) 8/47 (17) 0¢008
Total cholesterol, mean (SD) 171¢81 (44¢41) 152¢84 (36) 0¢005
Mental illness, No. (%) 206/409 (50¢4) 179/352 (50¢9) 27/57 (47) 0¢63
Number mental illnesses, mean (SD) 0¢6 (0¢8) 0¢65 (0¢76) 0¢61 (0¢7) 0¢73
Number chronic diseases, mean (SD) 3 (1¢2) 2¢96 (1¢23) 3¢26 (1) 0¢08
Substance use disorder, No. (%) 85/406 (20¢9) 81/350 (23¢1) 4/56 (7) 0¢006

Table 1 (Continued)
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Total
(N = 418)

Experiencing Homelessness
(N = 356)

Domiciled
(N = 58)

p-value

Alcohol use disorder, No. (%) 32/405 (7¢9) 32/348 (9¢2) 0/57 (0) 0¢02
Cigarette Smoking, No.(%) 211/405 (52¢0) 191/349 (54¢7) 19/56 (34) 0¢004
Cigarettes per day, mean (SD) 5 (7) 5¢0 (6¢8) 3¢7 (7) 0¢19

Packyears, mean (SD) 8¢2 (12¢2) 8¢36 (11¢6) 6¢21 (14) 0¢31

Table 1: Demographics and baseline characteristics of patients experiencing homelessness and domiciled patients, New York City shelter-
clinics, 2019.
?
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variable, older age (standardized coefficient -0¢19;
p < 0¢001) and mental illness (standardized coefficient
-0¢13; p = 0¢02) were associated with lower HbA1c with
an adjusted R-squared of 0¢04.
Findings from patientsexperiencing homelessness
Tables 4 and 5 present analyses of data among the sub-
group that experience homelessness. In bivariate analy-
sis, factors associated with inadequately managed
diabetes among patients experiencing homelessness are
as follows. The average age of patients experiencing
homelessness with inadequately managed diabetes was
younger compared to that of patients with adequately
managed diabetes (52¢9 years, SD 9¢1 vs. 56¢4 years, SD
9¢9; p = 0¢002). Patients experiencing homelessness
with inadequately managed diabetes (defined as HbA1c
≥ 8) were more likely to be of Hispanic/Latino ethnicity
than patients experiencing homelessness with ade-
quately managed diabetes (51/133, 38¢3% vs. 46/169,
27¢2%; OR 1¢66, 95% CI 1¢02−2¢71; p = 0¢04). Patients
experiencing homelessness with inadequately managed
diabetes were more likely to have higher total choles-
terol than patients experiencing homelessness with ade-
quately managed diabetes (180¢3, SD 45¢5 vs. 166¢5, SD
40¢5; p = 0¢01). Patients experiencing homelessness
with inadequately managed diabetes were less likely to
have hypertension than those with adequately managed
diabetes (83/133, 62¢4% vs. 125/171, 73¢1%, OR 0¢57,
95% CI 0¢36−0¢95; p = 0¢03); however, they were not
different in hypertension management considering the
most recent blood pressure readings with SBP ≥140 or
DBP ≥ 90 (OR 1¢28, 95% CI 0¢74−2¢26; p = 0¢40).

In bivariate analysis with diabetes management with
HbA1c as a continuous variable, older age was associ-
ated with lower HbA1c, with a correlation coefficient of
-0¢11 (p = 0¢02). Increased total cholesterol was corre-
lated with higher HbA1c, with a correlation coefficient
of 0¢21 (p = 0¢001). However, Hispanic/Latino com-
pared with non-Hispanic/Latino ethnicity lost its signifi-
cance with HbA1c as a continuous variable
(8¢9 § 2¢8 vs. 8¢3 § 2¢6; p = 0¢06). Patients with mental
illness had lower average HbA1c compared with those
without mental illness (8¢15%, SD 2¢48 vs. 8¢74%, SD
2¢66; p = 0¢05). Notably, traditional risk factors such as
insurance status and several other clinical indicators
were not significantly associated with inadequately
managed diabetes or HbA1c as a continuous variable.
Additional bivariate analysis is included in Table 4.

In logistic regression when housing status, age, eth-
nicity, provider status, insurance status, history of
hypertension, diastolic blood pressure, total cholesterol,
history of mental illness, cigarette smoking, alcohol use
disorder, chronic kidney disease, CAD, and sex were in
the model, non-Hispanic/Latino ethnicity (OR 0¢61,
95% CI 0¢37−0¢99; p = 0¢05) and older age (0¢96, 95%
CI 0¢94−0¢99; p = 0¢003) maintained significant asso-
ciation with adequately managed diabetes mellitus. In
linear regression, mental illness (standardized coeffi-
cient -0¢11; p = 0¢05) and older age (standardized coeffi-
cient -0¢15; p = 0¢01) were associated with lower HbA1c
with adjusted R-squared of 0¢049. Hispanic/Latino eth-
nicity lost its significance with higher HbA1c (standard-
ized coefficient 0¢10; p = 0¢07). Multivariable regression
analysis data is included in Table 5.
Discussion
Previous studies have documented equal or higher prev-
alence of diabetes among subgroups of persons
experiencing homelessness (i.e., veterans) compared
with that of the general population.5−9 In our study, the
rate of inadequately managed diabetes (HbA1c ≥8)
among patients experiencing homelessness (43¢9%) is
nearly twice the rate among domiciled patients (22¢8%)
who are already from low socio-economic communities.
Moreover, the very high rate of HbA1c level above 9%
among patients experiencing homelessness (32%) is
alarming. Few other studies have documented relatively
high rates of inadequately managed diabetes among
patients experiencing homelessness, including 32%
(HbA1c > 8%) and 50% (A1c> 7¢3%) compared with
20% among domiciled persons with diabetes, which
were significant across ethnicity and race.10−11 Consid-
ering the higher prevalence of other important risk fac-
tors for cardiovascular events such as inadequately
managed hypertension, hyperlipidemia, and cigarette
smoking among patients experiencing homelessness
shown in our study and other literature, effective treat-
ment and better diabetes management among patients
experiencing homelessness gains even more impor-
tance.19−20
www.thelancet.com Vol 48 Month June, 2022



N (%) Adequately
managed
DM (N = 215)

Inadequately
managed
DM (N = 147)

OR 95% CI p-value

Persons with homelessness, No. (%) 304/361 (84¢2) 170/214 (79¢4) 134/147 (91¢2) 2¢67 1¢38−5¢16 0¢003
Age, mean (SD) 362 (100) 57¢6 (10¢5) 53¢5 (9¢4) <0¢001
Sex, No¢ (%) 360/362 (99¢4) 215/215 (100) 145/147 (99¢3)

1¢47 0¢87−2¢46 0¢15Male 279/360 (77¢5) 161/215 (74¢9) 118/145 (81¢4)
Female 81/360 (22¢5) 54/215 (25¢1) 27/145 (18¢6)

Race, No¢ (%) 318/362 (87¢8) 194/215 (90¢2) 124/146 (84¢9)
0¢28Black 190/318 (59¢7) 116/194 (59¢8) 74/124 (59¢7)

White 90/318 (28¢3) 53/194 (27¢3) 37/124 (29¢8)
Asian 8/318 (2¢5) 7/194 (3¢6) 1/142 (0¢8)
Other 33/318 (10¢4) 12/194 (6¢2) 11/142 (8¢9)
>1 race 7/318 (2¢2) 6/194 (3¢1) 1/124 (0¢8)

Ethnicity, No¢ (%) 360/362 (99¢4) 214/215 (99¢5) 146/147 (99¢3)
1¢57 1¢01−2¢45 0¢05Hispanic/Latino 119/360 (33¢1) 62/214 (29¢0) 57/146 (39¢0)

Non-Hispanic/Latino 241/360 (66¢9) 152/214 (71¢0) 89/146 (61¢0)
Language, No¢ (%) 362/362 (100) 215/215 (100) 147/147 (100)

0¢48English 323/362 (89¢7) 192/215 (89¢3) 131/147 (89¢1)
Spanish 37/362 (10¢3) 21/215 (9¢8) 16/147 (10¢9)
Other 2/362 (0¢6) 2/215 (0¢9) 0/147 (0¢0)

Provider, No¢ (%) 362/362 (100) 215/215 (100) 147/147 (100)

0¢001No primary care physician 211/362 (58¢3) 112/215 (52¢1) 99/147 (67¢3)
Shelter primary care physician 106/362 (29¢3) 79/215 (36¢7) 27/147 (18¢4)
Community primary care physician 45/362 (12¢4) 24/215 (11¢2) 21/147 (14¢3)

Insurance Status, No¢ (%) 356/362 (98¢3) 211/215 (98¢1) 145/147 (98¢6)
0¢62 0¢29−1¢32 0¢21Insured 327/356 (91¢9) 197/211 (93¢4) 130/145 (89¢7)

Uninsured 29/356 (8¢1) 14/211 (6¢6) 15/145 (10¢3)
Obesity, No¢ (%) 161/359 (44¢8) 100/213 (46¢9) 61/146 (41¢8) 0¢81 0¢53−1¢24 0¢33
Body mass index, mean (SD) 358 (98¢9) 31¢01 (7¢96) 30¢11 (6¢89) 0¢27
Hypertension, No¢ (%) 254/362 (70¢2) 159/215 (74¢0) 95/147 (64¢6) 0¢64 0¢41−1¢01 0¢06
Uncontrolled hypertension (≥140/90), No¢ (%) 88/252 (34¢9) 52/159 (32¢7) 36/93 (38¢7) 1¢30 0¢76−2¢21 0¢34
Systolic blood pressure, mean (SD) 360 (99¢4) 130¢6 (18¢3) 129¢6 (20¢6) 0¢96
Diastolic blood pressure, mean (SD) 360 (99¢4) 78¢0 (9¢4) 79¢8 (10¢9) 0¢09
Coronary artery disease, No¢ (%) 34/359 (9¢5) 17/212 (8¢0) 17/147 (11¢6) 1¢51 0¢74−3¢06 0¢25
Chronic kidney disease, No¢ (%) 33/362 (9¢1) 23/215 (10¢7) 10/147 (6¢8) 0¢61 0¢28−1¢33 0¢21
Glomerular filtration rate< 60, No¢ (%) 43/293 (14¢7) 30/180 (16¢7) 13/113 (11¢5) 0¢65 0¢32−1¢31 0¢22
Glomerular filtration rate, mean (SD) 292 (80¢7) 85¢3 (29¢1) 87¢5 (28¢9) 0¢53
Hyperlipidemia, No¢ (%) 196/361 (54¢3) 120/215 (55¢8) 76/146 (52¢1) 0¢86 0¢56−1¢31 0¢48
Low-density lipoprotein > 100, No¢ (%) 89/267 (33¢3) 51/166 (30¢7) 38/101 (37¢6) 1¢36 0¢81−2¢29 0¢25
Low-density lipoprotein, mean (SD) 273 (75¢4) 87¢7 (34¢2) 92¢6 (36¢0) 0¢26
Total cholesterol, mean (SD) 289 (79¢8) 162¢2 (39¢7) 179¢2 (45¢3) 0¢001
Mental illness, No¢ (%) 149/357 (41¢7) 113/211 (53¢6) 66/146 (45¢2) 0¢72 0¢47−1¢09 0¢12
Number mental illnesses, mean (SD) 340 (93¢9) 0¢7 (0¢86) 0¢6 (0¢7) 0¢23
Number chronic diseases, mean (SD) 358 (98¢9) 3¢1 (1¢2) 2¢9 (1¢3) 0¢41
Substance use disorder, No¢ (%) 72/355 (20¢3) 41/210 (19¢5) 31/145 (21¢4) 1¢12 0¢66−1¢89 0¢67
Alcohol use disorder, No¢ (%) 21/353 (5¢9) 10/208 (4¢8) 11/145 (7¢6) 1¢65 0¢68−3¢98 0¢27
Cigarette smoking, No¢ (%) 184/354 (52¢0) 102/210 (48¢6) 82/144 (56¢9) 1¢4 0¢91−2¢15 0¢12
Cigarettes per day, mean (SD) 330 (91¢2) 4¢5 (6¢7) 5¢2 (7¢0) 0¢36

Packyears, mean (SD) 228 (63¢0) 7¢3 (11¢4) 9¢5 (13¢7) 0¢19

Table 2: Bivariate analysis of adequately versus inadequately managed diabetes mellitus (HbA1c ≥ 8) among persons experiencing
homelessness and domiciled patients, New York City shelter- clinics, 2019.
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Substance and alcohol use disorder have been dis-
cussed as potential factors in inadequate diabetes man-
agement17; however, we did not document this in our
www.thelancet.com Vol 48 Month June, 2022
total study population or subgroup of persons
experiencing homelessness. Obesity was not indepen-
dently associated with inadequately managed diabetes
7



Odds ratio/ standardized coefficient* 95% CI p-value

Housing status (housed) 0¢42 0¢21 − 0¢84 0¢01
Ethnicity (non-Hispanic/Latino) 0¢63 0¢40 − 0¢99 0¢05
Age (older) 0¢97 0¢95 − 0¢99 0¢004

Table 3: Multivariable logistic regression analysis of independent variables and inadequately managed DM (HbA1c ≥ 8) among persons
experiencing homelessness and domiciled patients, New York City shelter-clinics, 2019.
* Please see limitations regarding the interpretation of results of logistics regression.
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among the total population or the subgroup of persons
experiencing homelessness likely because of a high level
of obesity in our study population. A significant number
of our study population also had hypertension, which is
consistent with our previous study of uncontrolled
hypertension among patients experiencing homeless-
ness.21 There was no statistically significant association
between mental illness and inadequately managed diabe-
tes. On the contrary, within population of persons
experiencing homelessness, those with mental illness
had lower HbA1c levels independent of other risk factors,
which we hypothesize was possibly due to increased sup-
port and supervision surrounding medication taking and
engagement within the shelter system for patients with
mental illness. This would suggest that developing medi-
cation taking strategies for persons experiencing home-
lessness with diabetes at the shelter level could improve
diabetes management. The impact of lack of housing
itself as an important social factor likely masks the associ-
ation of many traditional risk factors with diabetes care as
it more strongly affects access to care, medication taking
and engagement, and healthcare support. We did not
directly collect data on adherence, but we hypothesize
that less adherence to medications or diet due to limited
access to healthy food choices or exercise opportunities
during homelessness could contribute to inadequate dia-
betes management.16−17

Among the overall study population as well as the
subgroup patients experiencing homelessness, younger
age was associated with higher HbA1c, which is differ-
ent from the expected relationship between age and A1c
level.22 We hypothesize that older patients experiencing
homelessness have had more time to develop potential
coping strategies to manage some of the social barriers
to diabetes management. Additionally, Hispanic/Latino
ethnicity was associated with inadequate diabetes man-
agement, which we hypothesize is due to language bar-
riers and sociocultural issues that are not adequately
addressed.23

Using shelters, where many patients experiencing
homelessness reside,3 as the place of health interven-
tions as well as other social supports could help address
the multilevel barriers to diabetes management, such as
poor diet, access to medications and cost of diabetic
care, inadequate healthcare resources and competing
interests.16,24 The stigma surrounding homelessness,
provider prejudice, and the focus of the health system
primarily on the provision of acute care for patients
experiencing homelessness, could impact interactions
and communication with providers and therefore diabe-
tes management.25,26 In addition, the mobility of this
population lacking consistent housing could impact pre-
ventive care, adherence, and health education opportu-
nities. These barriers could potentially be addressed
using mHealth strategies to better manage diabetes
through reminders and targeted health education and
should be evaluated in patients experiencing home-
less.27−29 Additional shelter-level interventions such as
peer-led diabetic education programs have shown to
improve patients’ knowledge scores of signs, symptoms,
and complications of diabetes and its medications.30 A
systematic review of evidence to improve management
of non-communicable disease among patients
experiencing homelessness has shown that educational
case-management interventions will improve knowl-
edge and medication taking but fail to improve bio-
markers.31 Studies have suggested using a framework
that emphasizes adaptability, self-organization, and
empowerment with engagement and involvement of
patients and medical and social service providers could
address barriers in care.17

There is increasing evidence on the effectiveness of
social policies to prevent homelessness or provide tem-
porary housing, and a secure and safe place of living
likely impacts access to healthcare.32−33 Supportive
housing has been shown to decrease incidence of diabe-
tes among the persons who were previously homeless
and improve diabetes management.34 With a renewed
emphasis on understanding the impact of social factors
on health disparities and access to healthcare, there
should be a collective commitment on devising and eval-
uating strategies to address them in and outside the
healthcare settings especially among the very marginal-
ized population who experience homelessness.

There are limitations to our study. Medical record
review by its nature poses limitations to objective assess-
ments of important factors that may have not been
documented in medical records, such as duration and
severity of mental illness, substance or alcohol use dis-
order, other chronic diseases, or current length of
homelessness. However, our shelter-clinics use a con-
sistent process to measure all indicators with estab-
lished quality assurance services. We expected that
several clinically plausible variables have statistically
www.thelancet.com Vol 48 Month June, 2022



N (%) Adequately
managed DM
(N = 171)

Inadequately
managed DM
(N = 133)

OR 95% CI p-value

Age, mean (SD) 304 (100) 56¢4 (9¢9) 52¢9 (9¢1) 0¢002
Sex, No¢ (%) 302/304 (99¢3) 170/171 (99¢4) 132/133 (99¢2) 1¢66 0¢90−3¢04

0¢10Male 246/302 (81¢5) 133/170 (78¢2) 113/132 (85¢6)
Female 56/302 (18¢5) 37/170 (21¢8) 19/132 (14¢4)

Race, No¢ (%) 266/304 (87¢5) 152/171 (88¢9) 114/133 (85¢7)
0¢28Black 168/266 (63¢2) 98/152 (64¢5) 70/114 (61¢4)

White 66/266 (24¢8) 35/152 (23¢0) 31/114 (27¢2)
Asian 6/266 (2¢3) 5/152 (3¢3) 1/114 (0¢9)
Other 20/266 (7¢5) 9/152 (5¢9) 11/114 (9¢6)
>1 race 6/266 (2¢3) 5/152 (3¢3) 1/114 (0¢9)

Ethnicity, No¢ (%) 302/304 (99¢3) 169/171 (98¢8) 133/133 (100)

1¢66 1¢02−2¢71 0¢04Hispanic/Latino 97/302 (32¢1) 46/169 (27¢2) 51/133 (38¢3)
Non-Hispanic/Latino 205/302 (67¢9) 123/169 (72¢8) 82/133 (61¢7)

Language, No¢ (%) 304/304 (100) 171/171 (100) 133/133 (100)

0¢45English 269/304 (88¢5) 151/171 (88¢3) 118/133 (88¢7)
Spanish 33/304 (18¢0) 18/171 (10¢6) 15/133 (11¢2)
Other 2/304 (0¢7) 2/171 (1¢2) 0/133 (0¢0)

Provider, No¢ (%) 304/304 (100) 171/171 (100) 133/133 (100)

0¢08No primary care physician 206/304 (67¢7) 109/171 (64¢1) 97/133 (72¢9)
Shelter primary care physician 58/304 (19¢1) 40/171 (23¢5) 18/133 (13¢5)
Community primary care physician 40/304 (13¢2) 22/171 (12¢4) 18/133 (13¢5)

Insurance Status, No¢ (%) 299/304 (98¢4) 167/171 (97¢7) 132/133 (99¢2)
0¢66 0¢30−1 44 0¢29Insured 271/299 (90¢6) 154/167 (92¢2) 117/132 (88¢6)

Uninsured 28/299 (10¢4) 13/167 (7¢8) 15/132 (11¢4)
Obesity, No¢ (%) 140/302 (46¢4) 81,169 (47¢9) 59/133 (44¢4) 0¢87 0¢55−1¢37 0¢54
Body mass index, mean (SD) 301 (99¢0) 31¢2 (8¢4) 30¢3 (7¢1) 0¢29
Hypertension, No¢ (%) 208/304 (68¢4) 125/171 (73¢1) 83/133 (62¢4) 0¢59 0¢36−0¢95 0¢03
Inadequately managed hypertension(≥140/90), No¢ (%) 81/304 (26¢6) 46/171 (26¢9) 35/133 (26¢3) 1¢28 0¢74−2¢26 0¢40
Systolic blood pressure, mean (SD) 303 (99¢7) 131¢0 (18¢8) 130¢2 (21¢0) 0¢73
Diastolic blood pressure, mean (SD) 303 (99¢7) 78¢4 (9¢5) 80¢3 (10¢9) 0¢12
Coronary artery disease, No¢ (%) 28 (9¢3) 13 (7¢7) 15 (11¢2) 1¢50 0¢69−3¢28 0¢30
Chronic kidney disease, No¢ (%) 28/302 (9¢3) 19/170 (11¢2) 9/132 (6¢8) 0¢58 0¢22−1¢32 0¢19
Glomerular filtration rate <60, No¢ (%) 31/239 (13¢0) 21/139 (15¢1) 10/100 (10¢0) 0¢62 0¢28−1¢39 0¢25
Glomerular filtration rate, mean (SD) 238 (78¢2) 87¢6 (30¢1) 89¢2 (29¢6) 0¢68
Hyperlipidemia, No¢ (%) 157/303 (51¢8) 92/170 (54¢1) 65/133 (48¢9) 0¢81 0¢51−1¢28 0¢36
Low-density lipoprotein > 100, No¢ (%) 81/220 (36¢8) 45/129 (34¢9) 36/91 (39¢6) 1¢22 0¢70−2¢13 0¢48
Low-density lipoprotein, mean (SD) 226 (74¢3) 91¢6 (34¢2) 93¢9 (35¢1) 0¢62
Total cholesterol, mean (SD) 240 (78¢9) 166¢5 (40¢5) 180¢3 (45¢5) 0¢01
Mental Illness, No¢ (%) 152/300 (50¢7) 91/167 (54¢5) 61/133 (45¢9) 0¢71 0¢45−1¢12 0¢14
Number of chronic diseases, No¢ (%) 289 (95¢1) 3¢1 (1¢2) 2¢89 (1¢3) 0¢28
Substance use disorder, No¢ (%) 68/279 (24¢4) 40/167 (24¢0) 28/112 (25¢0) 0¢86 0¢49−1¢48 0¢58
Alcohol use disorder, No¢ (%) 21/298 (7¢0) 10/167 (6¢0) 11/131 (8¢4) 1¢43 0¢59−3¢48 0¢43
Cigarette smoking, No¢ (%) 164/298 (55¢0) 91/167 (54¢5) 73/131 (55¢7) 1¢05 0¢66−1¢67 0¢83
Cigarettes per day, mean (SD) 278 (91¢4) 4¢9 (6¢8) 5¢01 (7¢0) 0¢91

Packyears, mean (SD) 190 (62¢5) 7¢47 (9¢9) 9¢30 (13¢7) 0¢29
Years of homelessness, mean (SD) 181 (59¢5) 1¢6 (3¢7) 1¢4 (2¢4) 0¢68

Table 4: Bivariate analysis of adequately versus inadequately managed diabetes mellitus (HbA1c ≥ 8) among patients experiencing
homelessness, New York City shelter-clinics, 2019.
?
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significant association with the outcomes of uncon-
trolled diabetes but they did not. Due to sample size and
less adequate power, lack of precision in measuring
some variables, and the distinction between mediating
www.thelancet.com Vol 48 Month June, 2022
and confounding variables, we caution the interpreta-
tion of relationship between some covariates and the
outcomes of uncontrolled diabetes in logistic regression
analyses. Our sample size included all incoming
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Adj¢Odds ratio/ Standardized Coefficient* 95% CI p-value

Ethnicity (non-Hispanic/Latino) 0¢61 0¢37−0¢99 0¢05
Age (older) 0¢96 0¢94−0¢99 0¢003

Table 5: Multivariable logistic regression analysis of independent variables and inadequately managed DM (HbA1c ≥ 8) among patients
experiencing homelessness, New York City shelter-clinics, 2019.
* Please see limitations regarding the interpretation of results of logistics regression.
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patients with the diagnosis of diabetes who were seen in
the shelter clinics which include a small number of per-
sons who were not homeless. It is possible that a small
number of these patients were previously homeless as
well. However, this helps us better evaluate the impact
of homelessness itself as an important social factor on
diabetes indicators. Due to established and consistent
processes in the clinic to record clinically relevant data
for management of chronic diseases, we did not
encounter significant issues with relevant missing data.
We did not have data on diabetes awareness or engage-
ment and medication taking. A more comprehensive
examination of the behavioral and psychosocial factors
associated with inadequate diabetes control in future
research with the addition of a qualitative component
will provide better knowledge of the pathway to diabetes
care among persons experiencing homelessness. Con-
sidering the limited data on the predictors of diabetes
management in patients experiencing homelessness,
we believe that our study makes an important contribu-
tion to the understanding of inadequately managed dia-
betes, related barriers, and risk factors among persons
experiencing homelessness as compared to domiciled
patients and provides direction for future research and
recommendations.

Quality diabetes care for patients experiencing
homelessness has been largely neglected by providers,
researchers, and policy makers. Inadequately man-
aged diabetes poses significant cardiovascular risks
and mortality. Diabetes is less managed among
patients experiencing homelessness, who often lack
social support and resources to cope with its complica-
tions, compared with domiciled patients. Introducing
interventions to target ethnic and age subgroups and
evaluating potential mHealth strategies in places that
patients experiencing homelessness reside or seek
care should be considered. Further health services
research will help generate valid and appropriate evi-
dence on the characteristics of strategies to effectively
address diabetes management among patients
experiencing homelessness. Nonetheless, comprehen-
sive approaches to address important social factors,
provide targeted social services, and improve consis-
tent access to healthcare must be considered in caring
for patients experiencing homelessness. In the end,
an approach to implement larger societal strategies to
address homelessness should be advocated for and
reinforced.
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