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Objectives. To assess the impacts of ambient temperature on hospitalizations of people experiencing

homelessness.

Methods.We used daily time-series regression analysis employing distributed lag nonlinear models of

148177 emergency inpatient admissions with “no fixed abode” and 20804 admissions with a diagnosis

of homelessness in London, United Kingdom, in 2011 through 2019.

Results. There was a significantly increased risk of hospitalization associated with high temperature;

at 25�C versus the minimum morbidity temperature (MMT), relative risks were 1.359 (95% confidence

interval [CI]51.216, 1.580) and 1.351 (95% CI51.039, 1.757) for admissions with “no fixed abode” and

admissions with a homelessness diagnosis, respectively. Between 14.5% and 18.9% of admissions were

attributable to temperatures above the MMT. No significant associations were observed with cold.

Conclusions. There is an elevated risk of hospitalization associated with even moderately high

temperatures in individuals experiencing homelessness. Risks are larger than those reported in the

general population.

Public Health Implications. Greater emphasis should be placed on addressing homeless

vulnerabilities during hot weather rather than cold. Activation thresholds for interventions such as the

Severe Weather Emergency Protocol (SWEP) could be better aligned with health risks. Given elevated

risks at even moderate temperatures, our findings support prioritization of prevention-oriented

measures, rather than crisis response, to address homelessness. (Am J Public Health. 2023;113(9):

981–984. https://doi.org/10.2105/AJPH.2023.307351)

The impacts of climate change and

extreme weather on the health of

people who lack adequate shelter have

received little attention.1 Homeless

populations have specific health and

social vulnerabilities that heighten risk

of illness and death during severe

weather. Climate change means that

rough sleepers are exposed not only to

severe winter weather but also increas-

ingly higher ambient temperatures,

particularly in heavily urbanized cities

such as London, United Kingdom,

where heat stress can be amplified be-

cause of the Urban Heat Island.2 Heat

impacts are also intensified by risk fac-

tors common in rough sleepers and

those with insecure housing, such as

the presence of underlying physical

and mental health conditions, drug

and alcohol dependencies, reduced

access to air-conditioned environments

and drinking water, and social

isolation.3

As the United Kingdom continues to

experience greater climate extremes,

there is an urgent need to assess the

health impacts of ambient heat and

cold exposure in homeless popula-

tions. People experiencing homeless-

ness face barriers accessing primary

health care, leading to higher rates of

attendance at emergency departments.
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Health care costs for people experienc-

ing homelessness are 8 times greater

than for the general population and

hospital stays are 3 times longer,4 so

evidence-informed interventions can

help ease burdens on the National

Health Service (NHS).

We aimed to characterize the

impacts of ambient temperature on

emergency hospital admissions by peo-

ple experiencing homelessness in

Greater London, which hosts about

30% of the country’s homeless popula-

tion. Given the heightened exposures

and vulnerabilities of the homeless

population, we hypothesized that ad-

verse impacts occur at even moderate

temperatures.

METHODS

We collected daily counts of emergency

hospital inpatient admissions between

2011 and 2019 recorded on the Hospi-

tal Episode Statistics database by NHS

Digital. We identified contacts by indivi-

duals experiencing homelessness using

2 fields: (1) all-cause admissions, where

residential address was recorded as

“no fixed abode” (pseudo postal district

code ZZ99); (2) where a primary or sec-

ondary diagnosis of homelessness was

recorded (International Classification of

Diseases, 10th Revision [ICD-10], code

Z59.0). Days with admission counts of 5

or fewer were not available to preserve

patient anonymity and so were set to

missing. We obtained daily maximum

and minimum temperature data from

the Met Office using the HadUK-Grid

data set, which interpolates observa-

tions from land-surface monitoring sta-

tions onto a uniform 1-km grid.5 From

this, we created composite tempera-

ture series representing the whole of

London by averaging values from con-

tributing grid cells.

We used Quasi–Poisson time-series

regression to assess short-term asso-

ciations between daily temperature

(maximum or minimum) and hospital

counts, adjusting for trends and under-

lying seasonal patterns (unrelated to

temperature) using natural cubic

splines with 7 degrees of freedom per

year and indicator terms for day of

week.6 The trend and seasonal controls

ensure that temporal changes in the

size of the population and other con-

founding factors that change slowly

over time are inherently controlled for.

We used distributed lag nonlinear mod-

els (DLNMs) employing cross-basis

functions to flexibly model nonlinear

and delayed effects of temperature.7

This framework allows quantification of

risk at different values of the nonlinear

temperature or lag distribution, as well

as the summed effect. The model is

summarized:

Log½EðYiÞ�5a1b1Ti, j

1b2ncsðtimei, df57=yearÞ
1b3ðdowiÞ

(1)

where E[Yi] is expected admissions

on day i, Ti,j is the cross-basis matrix of

temperature and lag j up to 21days,

ncs5natural cubic spline functions,

and dow5day-of-week indicator.

Although we considered lagged effects

up to 21days, heat impacts in particu-

lar are likely to be more immediate and

so we also considered shorter lag

structures in the DLNMs, but results

were robust to such specifications.

For each field, we identified the mini-

mummorbidity temperature (MMT) at

which risk of admission is lowest, and

estimated the relative risk (RR) of ad-

mission at selected temperatures

compared with the MMT. We also

quantified attributable fractions of

temperatures above the MMT.

RESULTS

During 2011 to 2019, there was a mini-

mum of 148177 emergency inpatient

admissions in London categorized as

“no fixed abode” and 20804 where the

primary or secondary diagnosis was

recorded as homelessness. Figure A

(available as a supplement to the online

version of this article at http://www.ajph.

org) shows daily counts of admissions

with “no fixed abode,” which generally

exhibits yearly summertime peaks. The

trend of increasing admissions mirrors

general increases in hospitalization num-

bers,8 although the number of rough

sleepers in London is also known to

have increased during this period.9 The

average daily counts for the “no fixed

abode” and homelessness diagnosis vari-

ables were 45.9 and 10.2, respectively.

Figure 1 shows the seasonally adjusted

relationship between daily maximum

temperature and the relative risk of ad-

mission for those with “no fixed abode.”

The figure shows increased risk of admis-

sion associated with high temperature.

Compared with a MMT of 6�C, a value of

25�C (approximately the 93rd percentile)

was associated with an RR of 1.359 (95%

confidence interval [CI]51.216, 1.580).

Temperatures above the MMT ac-

counted for 18.9% of all admissions. We

observed a similar relationship with the

homelessness diagnosis outcome (not

shown), with an RR of 1.351 (95% CI5

1.039, 1.757) at 25�C compared with a

MMT of 9�C, and temperatures above

the MMT accounting for 14.5% of admis-

sions. Cold effects were not statistically

significant, including when minimum

temperature was the exposure.

DISCUSSION

Our results show that ambient heat is

an important risk factor for emergency
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hospital admissions among people

experiencing homelessness. Risks are

greater than those recently reported for

the general population of England using

a similar methodology,10 reflecting

heightened vulnerabilities for indivi-

duals experiencing homelessness. Like-

wise, US studies have shown particularly

high odds of emergency department

visits and deaths in homeless groups

during hot weather.11,12 We observed

no significantly raised risk associated

with low temperatures, which agrees

with evidence from emergency depart-

ment attendances in North England.13

This may reflect better risk perception

and preventative action taken by indivi-

duals experiencing homelessness and

by homeless organizations during cold

weather.

Admissions by individuals experienc-

ing homelessness are likely to be

underreported because a homeless-

ness diagnosis is only recorded if a cli-

nician considers it clinically relevant.

Our reliance on this as a diagnosis had

evident power limitations, so we also

considered “no fixed abode” as an

alternative indicator of homelessness,

which is more numerous but less speci-

fic because it also captures people not

experiencing homelessness who may

wish to conceal their real address. The

2 outcomes, however, yielded very simi-

lar results. Days with 0 to 5 admission

counts were unavailable, so their exclu-

sion may have introduced bias; howev-

er, this applied to only 1.8% of days for

“no fixed abode,” and results were

largely unchanged when these days

were assigned a nominal count of 3 for

both outcomes in sensitivity analysis.

Although we observed little cold effect,

future research could consider poten-

tial impacts of other wintry weather

such as snowfall and rainfall.

PUBLIC HEALTH
IMPLICATIONS

Our study indicates that more empha-

sis should be placed on addressing

homeless vulnerabilities during hot

weather rather than cold. In England,

the main recognition of climate vulner-

abilities in the homeless population is

through the Severe Weather Emergency

Protocol (SWEP), which supports local

authorities to issue an emergency

response during extreme weather.14

Traditionally focused on cold weather,

heat wave guidance is also now incorpo-

rated into SWEP, although our results

indicate that the summertime SWEP ac-

tivation threshold of 25�C maximum

temperature is already associated with a

35% increased risk of hospitalization.

Adverse health impacts occur at even

moderate temperatures, and the high

estimated heat-attributable fractions

are mostly frommoderate temperature

days rather than the infrequent extreme

temperature days when SWEP operates.

Although SWEP is primarily an emergen-

cy response designed to provide over-

night shelter for rough sleepers rather

than engagement with health services,

our results suggest that if it seeks to

reach individuals experiencing home-

lessness before their health is compro-

mised, existing activation thresholds

may need to be revised. The elevated

health risks observed in our study at

even moderate temperatures support

prioritization of prevention-oriented

measures, rather than crisis response,

to address homelessness.
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FIGURE 1— Seasonally Adjusted Relationship Between Daily Maximum
Temperature (�C) and Relative Risk (RR) of Emergency Hospital Admissions
Classified as “No Fixed Abode”: London, United Kingdom, 2011–2019

Note. The dashed lines indicate 95% confidence intervals.
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