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in South America Since 1990
Does the Penrose Hypothesis Apply?
Adrian P. Mundt, MD; Winnie S. Chow, MA, MSc; Margarita Arduino, MD; Hugo Barrionuevo, MD;
Rosemarie Fritsch, MD; Nestor Girala, MD; Alberto Minoletti, MD; Flávia Mitkiewicz, MSc;
Guillermo Rivera, MD; María Tavares, MD; Stefan Priebe, FRCPsych

IMPORTANCE In 1939, English mathematician, geneticist, and psychiatrist Lionel Sharples
Penrose hypothesized that the numbers of psychiatric hospital beds and the sizes of prison
populations were inversely related; 75 years later, the question arises as to whether the
hypothesis applies to recent developments in South America.

OBJECTIVE To explore the possible association of changes in the numbers of psychiatric
hospital beds with changes in the sizes of prison populations in South America since 1990.

DESIGN, SETTING, AND PARTICIPANTS We searched primary sources for the numbers of
psychiatric hospital beds in South American countries since 1990 (the year that the Latin
American countries signed the Caracas Declaration) and compared these changes against the
sizes of prison populations. The associations between the numbers of psychiatric beds and
the sizes of prison populations were tested using fixed-effects regression of panel data.
Economic variables were considered as covariates. Sufficiently reliable and complete data
were obtained from 6 countries: Argentina, Bolivia, Brazil, Chile, Paraguay, and Uruguay.

MAIN OUTCOMES AND MEASURES The numbers of psychiatric beds and the sizes of prison
populations.

RESULTS Since 1990, the numbers of psychiatric beds decreased in all 6 countries (ranging
from −2.0% to −71.9%), while the sizes of prison populations increased substantially (ranging
from 16.1% to 273.0%). Panel data regression analysis across the 6 countries showed a
significant inverse relationship between numbers of psychiatric beds and sizes of prison
populations. On average, the removal of 1 bed was associated with 5.18 more prisoners (95%
CI, 3.10-7.26; P = .001), which was reduced to 2.78 prisoners (95% CI, 2.59-2.97; P < .001)
when economic growth was considered as a covariate. The association between the numbers
of psychiatric beds and the sizes of prison populations remained practically unchanged when
income inequality was considered as a covariate (−4.28 [95% CI, −5.21 to −3.36]; P < .001).

CONCLUSIONS AND RELEVANCE Since 1990, the numbers of psychiatric beds have
substantially decreased in South America, while the sizes of the prison populations have
increased against a background of strong economic growth. The changes appear to be
associated because the numbers of beds decreased more extensively when and where the
sizes of prison populations increased. These findings are consistent with and specify the
assumption of an association between the numbers of psychiatric beds and the sizes of
prison populations. More research is needed to understand the drivers of the capacities of
psychiatric hospitals and prisons and to explore reasons for their association.
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I n 1939, the English mathematician, geneticist, and psy-
chiatrist Lionel Sharples Penrose postulated an inverse
relationship between the numbers of psychiatric beds

and the sizes of prison populations based on cross-sectional
data from 18 European countries, a notion that has become
known as the Penrose hypothesis.1 The context of his study
was that some countries had reduced numbers of beds in
large psychiatric asylums since the beginning of the 20th
century, while prison capacities had been expanded. Psychi-
atric hospital beds were the dominant form of mental health
care at that time.

Although the reduction in the numbers of beds—often re-
ferred to as “deinstitutionalization”—has been dominating
mental health policies in many countries over the last few
decades,2 research on how the numbers of beds actually
changed and on how these changes were linked with changes
in other forms of institutions has been rather limited. In par-
ticular, it remains unclear whether there is an association be-
tween capacities in psychiatric hospitals and the prison popu-
lation. The Penrose hypothesis is now 75 years old and still
unresolved. A worldwide analysis of countries in 2004 found
no support for the Penrose hypothesis.3 The numbers of psy-
chiatric beds were positively correlated with the sizes of prison
populations in low- and middle-income countries, whereas
there was no association in high-income countries. Like the
original study by Penrose, however, this analysis was based on
cross-sectional data only. Longitudinal data are required to
identify whether or not changes in the numbers of psychiat-
ric beds are associated with changes in the sizes of prison popu-
lations over time.

Longitudinal data from the United States assessing treat-
ment histories of prisoners indicated that the reduction in the
number of state mental hospital beds could only account for
a small proportion of the increasing size of prison popula-
tions between 1968 and 1978.4 Longitudinal data from Eu-
rope have suggested that mental health care might have
reached a phase of “reinstitutionalization,”5 in which the num-
bers of psychiatric hospital beds might further decrease, but
that capacities in other institutions (such as supported hous-
ing and prisons) might increase.6 However, these studies have
not provided any evidence for a direct association between de-
creasing numbers of beds and increasing prison populations.7,8

Further research pointed toward a potential role of the
economy and suggested that both the numbers of psychiatric
beds and the sizes of prison populations might be driven by
macroeconomic factors.9,10

Since the 1960s, the numbers of psychiatric beds
decreased substantially in most Western countries. It has
been suggested that, with regard to deinstitutionalization,
the United States failed to reinvest the funding that would
have been spent on mental hospitals in new services in the
community.11 This shortcoming may apply even more to set-
tings with very little resources. The reduction in the num-
bers of psychiatric beds in South America (ie, deinstitution-
alization) was driven by World Health Organization (WHO)
policy representing a consensus of Western high-income
countries12 rather than the care needs within specific socio-
economic and cultural contexts.

The radical reforms that resulted in reductions in the num-
bers of psychiatric beds in countries such as Italy also had an
influence on politics worldwide, including South America.13

The Caracas Declaration of 1990 is seen as a landmark of psy-
chiatric reform in South America.14 Participating countries com-
mitted themselves to reducing the numbers of beds in tradi-
tional asylums and expanding outpatient mental health
services, psychiatric units in general district hospitals, and resi-
dential facilities for chronically mentally ill people.15,16 The aim
of the present study was to assess changes in psychiatric hos-
pital bed capacities and prison populations over the past 2 de-
cades following the Caracas Declaration in South America. We
explored the possible association of changes in the numbers
of psychiatric beds with changes in the sizes of prison popu-
lations, and we considered macroeconomic variables as po-
tentially influential factors.

Methods
A research network that spans across South American coun-
tries was developed to obtain reliable data on the sizes of prison
populations and on the numbers of psychiatric beds. These
countries included Argentina, Bolivia, Brazil, Chile, Colom-
bia, Ecuador, Paraguay, Peru, Uruguay, and Venezuela. We
searched for data from the 20 years that followed the Caracas
Declaration (ie, from 1991 to 2011). At least 2 different research-
ers in each South American country were contacted by e-mail.
The Caribbean countries Guyana, Suriname, and French Gui-
ana, which are considered to be part of a different sociocul-
tural context, were excluded from our study. The authors of
the WHO Assessment Instrument for Mental Health Systems
reports, the authors of internationally indexed publications in
the field of mental health or mental health service provision,
institutional representatives on the Internet, local offices of
the Pan-American Health Organization, and personal con-
tacts were used as references. All researchers who responded
but were unable to provide the required data were asked to re-
fer other colleagues in their country. The approach has been
used previously to study indicators of institutionalized care
in Western7 and Eastern Europe.8

Data on the numbers of psychiatric beds were retrieved
using a stepwise approach. First, we searched for primary na-
tional data sources. If these were unavailable, secondary na-
tional data sources, including publications, were used. Third,
the data were checked against the WHO publication “Mental
Health Atlas 2005,”17 which provides estimations on the num-
bers of psychiatric beds for a single year, for each country in
the region. Primary data sources were used for the sizes of
prison populations. Whenever primary data sources were un-
available, data published online by the International Centre for
Prison Studies (www.prisonstudies.org) were used. Data on the
per capita gross national income (GNI) in US dollars were re-
trieved from the World Bank. The data on income distribu-
tion were retrieved from the World Bank as the “Gini index,”
a widely used measure of income inequality (“[it] measures
the extent to which the distribution of income or consump-
tion expenditure among individuals or households within an
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economy deviates from a perfectly equal distribution” [www
.worldbank.org]). Country-specific details can be found in the
eAppendix in the Supplement.

Analysis
The numbers of beds and the numbers of prisoners were
calculated as proportions (ie, number per 100 000 popula-
tion) according to local census data or estimates of the
World Bank. The associations of changes in the proportions
of psychiatric beds and prisoners, the GNI, and the Gini
index were tested using panel data regression in Stata/SE
version 12.0 (StataCorp). We first computed univariate
analyses with the numbers of beds, the GNI, or the Gini
index as independent variables and with prison populations
as the dependent variable. In further univariate analyses,
we considered the GNI or the Gini index as the independent
variables and the numbers of beds as the dependent vari-
able. We then conducted 2 multivariate regression analyses.
In both analyses, the numbers of beds were the indepen-
dent variable, and sizes of prison populations the depen-
dent variable. In the first multivariate analysis, we added
the GNI as a covariate, and in the second multivariate analy-
sis, we added the Gini index as a covariate.

The use of fixed-effects models controls for all time-
invariant differences between the countries in the sample,
and the resulting estimation is not biased by omitted
time-invariant characteristics.18 The modified Wald test for
groupwise heteroskedasticity19 indicated the presence of
heteroskedasticity (P < .001). Autocorrelation was detected
(P < .001) with the Wooldridge test for autocorrelation
in panel data.18 Therefore, robust sandwich estimators

were used bec ause they produce estimates of the
standard errors that are robust to heteroskedasticity and
autocorrelation.18,20 We conducted a sensitivity analysis,
omitting 4 data points for psychiatric bed numbers from
WHO surveys because these data are sometimes considered
less reliable than primary data sources or secondary data
sources from within countries.

Results
Psychiatric Beds, Prison Populations, GNI, and Gini Index
Data were obtained from Argentina, Bolivia, Brazil, Chile, Para-
guay, and Uruguay and analyzed. We failed to identify suffi-
ciently reliable or complete data from Colombia, Ecuador, Peru,
and Venezuela. Figure 1 shows the changes in the numbers of
psychiatric beds numbers for Argentina, Bolivia, Brazil, Chile,
Paraguay, and Uruguay.

The numbers of psychiatric beds were reduced in Argen-
tina, Bolivia, Brazil, Chile, Paraguay, and Uruguay (Figure 1).
There were years without a decrease in the numbers of beds
and even short phases of increase in some countries, but over-
all numbers decreased in all participating countries. The rela-
tive decrease between the first and last data points ranged from
−2.0% to −71.9% in these 6 countries (Table). The changes in
the sizes of prison populations are presented in Figure 2.

Prison populations increased between the first and last
points of observation in all participating countries. There were
years without an increase, and even decreasing numbers in
some countries, but overall the relative increase was substan-
tial in all countries, ranging from 16.1% to 273.0% (Table).

Figure 1. Numbers of Psychiatric Hospital Beds per 100000 Population
in 6 South American Countries (1991-2012)
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Figure 3 shows the changes of the GNI in the countries stud-
ied. In the 2 decades under observation, GNI per capita in-
creased in all countries (Figure 3). There were notable discon-
tinuations of GNI growth in Argentina and Uruguay between
1998 and 2002 corresponding to financial, political, and so-
cial crises. In most countries, the Gini index showed high lev-
els of income inequality, with a moderate increase in the first
decade and a decrease in the second decade of our study (eFig-
ure in the Supplement).

The Table summarizes the percentage changes of the 4
parameters for each country over the full 20-year period. Bra-
zil had the highest relative increase in prison populations, as
well as the highest relative decrease in numbers of psychiat-
ric beds. At the other end of the spectrum, Bolivia showed both
the lowest increase in prison populations and the lowest de-
crease in numbers of psychiatric beds.

The 4 countries with the highest levels of and strongest
growth in the GNI also showed the strongest increase in prison
populations. Bolivia and Paraguay showed the lowest levels

of absolute numbers of the GNI and relatively modest growth
in the GNI and also showed lower levels of and slower in-
creases in prison populations. Over the 2 decades of our study,
the levels of income inequality increased substantially in Bo-
livia and remained fairly stable in the other countries (Table).

Associations of Psychiatric Beds, Prison Populations,
GNI, and Gini Index
The results of the fixed-effects regression analysis for panel
data were based on 53 observations for the 6 countries, with
an average of 8.8 observations per country. The univariate re-
gression analyses showed a significant negative coefficient of
−5.18 (95% CI, −7.26 to −3.10; P = .001) for the association of
the numbers of beds with the sizes of prison populations. There
was a positive significant coefficient of 0.012 (95% CI, 0.008-
0.025; P = .004) for the association of GNI per capita and prison
populations. This suggests that for every bed that was re-
moved, there were, on average, 5.18 more prisoners, and that
for every $1 increase in GNI, there were 0.012 more prisoners

Table. Percentage Changes in Prison Populations, Numbers of Psychiatric Beds, Gross National Income,
and Gini Index Between First and Last Data Point

Country

Percentage Change
Size of

Prison Population
No. of

Psychiatric Beds
Gross

National Incomea Gini Index
Argentina 137.1 −30.0 187.5 −4.5

Bolivia 16.1 −2.0 118.7 33.9

Brazil 273.0 −71.9 110.3 1.3

Chile 99.2 −69.5 240.9 −4.9

Paraguay 65.5 −36.9 80.6 −9.9

Uruguay 157.0 −20.8 169.5 13.1 a Between 1991 and 2011.

Figure 2. Numbers of Prisoners per 100000 Population in 6 South American Countries (1991-2012)
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per 100 000 population, which results in an $83 increase in GNI
for 1 additional prisoner per 100 000 population. The regres-
sion with change in GNI as the independent variable and change
in the numbers of beds as the dependent variable was not sig-
nificant (−0.003 [95% CI, −0.01 to 0.0008]; P = .11). The Gini
index was not significantly associated with the numbers of psy-
chiatric beds (1.41 [95% CI, −1.10 to 3.91]; P = .21) or with the
sizes of prison populations (−0.24 [95% CI, −12.68 to 7.81];
P = .57).

When the GNI was considered as a covariate, the coeffi-
cient for the association of numbers of psychiatric beds with
sizes of prison populations remained statistically highly sig-
nificant (−2.78 [95% CI, −2.97 to −2.59]; P < .001). The associa-
tion between numbers of psychiatric beds and sizes of prison
populations also remained practically unchanged when the
Gini index was included as a covariate (−4.28 [95% CI, −5.21
to −3.36]; P < .001).

Finally, 4 data points based on WHO surveys were omit-
ted to test the robustness of the findings. In this sensitivity
analysis, the association between the numbers of psychiatric
beds and the sizes of prison populations remained highly sig-
nificant (−5.19 [95% CI, −7.28 to −3.10]; P = .001).

Discussion
Main Findings
Following the Caracas Declaration of 1990, Argentina, Bo-
livia, Brazil, Chile, Paraguay, and Uruguay substantially re-
duced the numbers of psychiatric hospital beds. During the
same period, prison populations and GNI increased. Regres-
sion analyses suggested that changes in the numbers of beds

and in prison populations were associated. The numbers of hos-
pital beds were more extensively reduced where and when the
prison populations increased. The analyses also showed a posi-
tive association between economic growth and increased
prison populations.

Strengths and Limitations
To our knowledge, this is the first study assessing trends in the
numbers of psychiatric beds and in the sizes of prison popu-
lations, as well as their association in South America follow-
ing the psychiatric reforms initiated by the Caracas Declara-
tion of 1990. Our study includes the most populous countries
in the region. To our knowledge, this is the first study provid-
ing evidence for an association between the numbers of psy-
chiatric beds and the sizes of prison populations based on lon-
gitudinal data. The results further specify this association,
which was first hypothesized by Penrose 75 years ago. The as-
sociation was found across countries with very different his-
tories and political contexts during the study period. The analy-
sis considered the macroeconomic factor as a potential
confounder and quantified the associations, estimating how
many prisoners were incarcerated when 1 psychiatric bed was
removed.

Our study has some limitations. Only 6 countries were in-
cluded because we failed to obtain sufficient data from 4 other
South American countries. For the 6 countries included in our
study, not all data points were available, and the data sources
varied. We considered, on average, 8.8 observations per coun-
try in the regression analyses, which should be sufficient for
a reliable estimate of how changes over time were associated,
but the overall number of observation is rather small for a panel
regression analysis. We did not include data on the protocols

Figure 3. Gross National Income (GNI) per Capita in US Dollars in 6 South American Countries (1991-2011)
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and capacities of the mental health services in the commu-
nity. Finally, we did not consider further economic or societal
measures beyond the GNI and the Gini index as potential driv-
ers of investment and disinvestment in psychiatric hospitals
and prisons.

Interpretation and Implications
The 6 countries studied over the period of 2 decades had some
common social and economic conditions (eg, all were former
military dictatorships in the 1980s that were replaced by demo-
cratic systems). All of them were struggling with external debts,
economic adjustment programs, high poverty rates, and in-
equitable income distributions. At the same time, the de-
grees of these problems varied, and there were substantial dif-
ferences in the exact political processes and contexts across
countries. Our study was conducted in the context of decreas-
ing numbers of psychiatric beds and increasing prison popu-
lations worldwide.2,21 The absolute level of prison popula-
tions in South America was higher than in Western Europe and
was lower than in the United States.21 The association be-
tween decreasing numbers of beds and increasing prison popu-
lations found in our study cannot be explained by a simple
overall trend to reduce numbers of beds and increase prison
populations. Our study shows that the association is more spe-
cific: the numbers of beds tend to decrease more in those coun-
tries and at those times when the prison population is increas-
ing. This is in line with and further specifies the Penrose
hypothesis. Changes in capacities of psychiatric hospitals and
prisons appear to be linked. The magnitude of the increase in
the prison population is about 5 times larger than the de-
crease in the numbers of hospital beds. On average, there were
about 5 more prisoners when 1 bed was removed.

How can the association be explained? Economic growth
seems likely to have had some effect on prison populations in
South America, but less so on the numbers of beds. The link
between the numbers of beds and the sizes of prison popula-
tions was somewhat reduced when economic growth was also
considered. Yet, it remained highly significant and, there-
fore, was not fully explained by economic changes as re-
flected in the GNI.

Data from the United States suggest that reductions in
the numbers of psychiatric beds from a higher level than in
South America may be associated with increased jail deten-
tions for minor charges among people with severe mental
disorders22 and that there may have been a shift of costs
from health care to the penal justice system.23 Yet, a study
from the United States about policing mentally disordered
suspects is not consistent with the criminalization
hypothesis.24 Prevalence studies of people with mental dis-
orders among prisoners in South America indicate very high

rates of mental health and substance use disorders.25,26 So,
the question arises as to whether there are large numbers of
people with mental disorders in prisons in South America
who would be in mental health services—as inpatients or
outpatients—if there was more capacity. More data on the
precise characteristics of prisoners with mental disorders
and their pathways are required to say whether this is the
case and, if so, to what extent this might explain part of the
association between the numbers of beds and the sizes of
prison populations seen in our study.

In any case, it is unlikely that the reduction in the num-
bers of psychiatric hospital beds directly and solely causes the
increase in prison populations.27 So, what other factors may
have driven both changes and their association? Studies from
the United States point to the importance of reimbursement
arrangements, mental health, and welfare policies.28 More re-
search is required to explore the influence of further societal
and political factors and the mediating processes leading to
changes in the numbers of beds and in the sizes of prison
populations.29 Although we considered the GNI and the Gini
index, a much more detailed analysis may be required of eco-
nomic factors, which include indicators of poverty and invest-
ment in health and social care.

Conclusions
South American governments should regularly collect and pub-
lish data on the capacity of mental health services, including
hospitals and community services, to facilitate the evalua-
tion of policies and improve planning. More detailed analy-
ses of the differences between countries and between differ-
ent periods of time in each country are required to explore
further the reasons for the association between the numbers
of beds and the sizes of prison populations. These analyses
need to consider more political, societal, and economic fac-
tors that might affect decisions to increase or decrease capac-
ity in both mental health services and prisons. Detailed stud-
ies on the characteristics and pathways of prisoners with mental
disorders could help to identify how many of them might be
cared for in mental health services instead of prisons and to
identify what types of treatment they should receive.

Our findings suggest the possibility that investment in
mental health services might help to limit the growth of the
penal justice system. Since there are no calls for a return to old-
fashioned asylums—either in South America or elsewhere—
there is a need for investment and research into modern com-
munity-based services to establish effective care for people
with mental disorders who currently are imprisoned or at risk
of imprisonment in the future.
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