
The Cardiovascular Health Burdens of Solitary Confinement
Brie A. Williams, MD, MS1,2,3, Amanda Li, BA4,5, Cyrus Ahalt, MPP1,2,
Pamela Coxson, PhD6,7, James G. Kahn, MD, MPH8, and Kirsten Bibbins-Domingo, PhD,
MD, MAS6,7,9,10

1Department of Medicine, Division of Geriatrics, University of California, San Francisco, San Francisco, USA; 2JUSTInnovate at UCSF, San Francisco,
USA; 3Tideswell at UCSF, San Francisco, USA; 4School of Medicine, University of California, San Francisco, San Francisco, USA; 5Medical Student
Training in Aging Research (MSTAR) Program, University of California Los Angeles, Los Angeles, USA; 6Department of Epidemiology & Biostatistics,
University of California, San Francisco, San Francisco, USA; 7Center for Vulnerable Populations at Zuckerberg San Francisco General Hospital, San
Francisco, USA; 8Department of Institute for Health Policy Studies, University ofCalifornia, San Francisco, San Francisco, USA; 9Population Health and
Health Equity in the UCSF School of Medicine, San Francisco, USA; 10Clinical and Translational Science Training Institute, San Francisco, USA.

J Gen Intern Med 34(10):1977–80

DOI: 10.1007/s11606-019-05103-6

© Society of General Internal Medicine 2019

INTRODUCTION

The American Medical Association recently called for the
elimination of solitary confinement for the mentally ill, citing
its mental health harms.1 In solitary confinement, people are
held in a prison cell roughly the size of a parking space for ~
22–23 h per day with 1 or 2 h of exercise, also in isolation.2

Although the living conditions in these units (e.g., limited
exercise, extreme loneliness) are known risk factors for ad-
verse physical health outcomes including cardiovascular dis-
ease,2 the lifetime cardiovascular burden of solitary confine-
ment is unknown.

METHODS

To estimate the lifetime cardiovascular disease burden and
costs associated with solitary confinement, we used public
data from a 2015 lawsuit3 describing the prevalence of hyper-
tension diagnoses among two groups of incarcerated men ages
27–45: those housed in one prison’s solitary confinement
“supermax” units and those in the prison’s less-isolating max-
imum security units (Table 1). Those in solitary confinement
received no group recreation or contact visits and few (if any)
phone calls; those in maximum security received 2 h of daily
group recreation, contact visits, and more calls. Individuals in
solitary confinement scored an average of 54.9 on the UCLA
Loneliness Scale (scale ranges 20–80, 80 is most lonely);
those in maximum security averaged 41.6.3

Using the Cardiovascular Disease Policy Model, a comput-
er simulation of cardiovascular disease in US adults,4 we
estimated the lifetime incremental burden of disease, loss of
quality-adjusted life years (QALYs), and medical costs asso-
ciated with new diagnoses of hypertension at age 35. We
assumed average systolic blood pressure distributions and
control rates among hypertensive 35-year-olds based on the

2011–2014 National Health and Nutrition Examination Sur-
vey. Quality-of-life weights were based on observational data
from the Global Burden of Disease study. Medical costs were
estimated using California’s Office of Statewide Health Plan-
ning and Development, deflated using cost-to-charge ratios
and the ratio of the US national average costs to California’s,
and then inflated to 2017 dollars using the Consumer Price
Index.

RESULTS

Over a lifetime, 1000 men with newly diagnosed hypertension
at age 35 are expected to experience 10 additional myocardial
infarctions and 21 additional cardiovascular accidents,
representing a loss of 732 QALYs and over $20 million in
additional healthcare costs. Because individuals in solitary
confinement experienced an absolute 31% higher hyperten-
sion prevalence than those in maximum security units
(Table 1), nearly one-third may experience this higher burden
of cardiovascular disease and cost.
Because we used previously collected data, this analysis

assumed the following: (1) hypertension diagnoses persist
over a lifetime; and (2) individuals in prison and the commu-
nity experience the same control and cardiovascular effects of
hypertension. These assumptions are reasonable based on the
epidemiology of hypertension and likely conservative (we do
not, for example, account for the larger effect sizes for hyper-
tension on cardiovascular outcomes for African Americans, a
population over-represented in prisons). We focused on
hypertension-related cardiovascular disease and did not con-
sider other possible conditions caused or worsened by solitary
confinement, suggesting this analysis underestimates solitary
confinement’s overall impact on health and related costs.
While a wealth of research describes the impact of isolation
on stress hormone dysfunction and adverse cardiovascular
outcomes including hypertension and mortality,3 use of sec-
ondary data limited our ability to assess whether additional
factors contributed to the increased hypertension prevalence
among those housed in solitary confinement.Published online June 21, 2019
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DISCUSSION

This study projects the lifetime cardiovascular disease and cost
burden associated with the increased prevalence of hypertension
diagnoses found in persons in solitary confinement compared
with maximum security housing in the same prison. In 2017,
over 60,000 US individuals were held in solitary confinement for
15 days or longer.5 Applying our findings to just the 25,000

individuals held in “supermax” solitary confinement units6 would
alone result in $155 million in additional future healthcare costs
and a loss of 5673 QALYs (Fig. 1)—likely significant underes-
timates given the widespread use of solitary confinement outside
of “supermax” units. These findings, coupled with the growing
consensus that solitary confinement is counter-productive as a
public safety measure,5, 6 suggest an urgent need to dramatically

Table 1 Calculation of the 31% Difference in Hypertension from the 2015 Hawkley Report. Values from the 2015 Hawkley Report3

Age Individuals in solitary 
confinement with 

hypertension

Total individuals in 
solitary confinement

Individuals living in 
the general prison 
popula�on* with 

hypertension

Total 
Individuals 
living in the 

general prison*
27-35 35 56 36 206
36-45 108 245 24 157

Total (27-45) 143 301 60 363

Hypertension rates among individuals in 
solitary confinement 

= = 47.51%

Hypertension rates among individuals living in the 
general prison popula�on

= = 16.53%

Difference in solitary confinement and general prison popula�on hypertension rate: 
47.51% - 16.53% = 31%

*In the maximum security wing of the same prison
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Figure 1 Increased adverse cardiovascular outcomes and high associated costs. For the 25,000 people currently in solitary confinement in US
supermax prisons, a 31% increase in prevalence of hypertension will result in the following additional outcomes over the next 45 years
(assuming an average life expectancy of 80 years old and the development of premature hypertension at age 35), compared with their

counterparts in the maximum security wing of the same prison who experience less social isolation.
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reduce solitary confinement using alternative strategies that
achieve safety without compromising health. This study also
suggests cardiovascular disease organizations could join other
associations in calling for solitary confinement reform and for the
study of environmental health risks experienced by people in
prison, including those in solitary confinement.
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