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Abstract: The association between mental illness and violent crimes such as homicide is complex. 
In 1939, Lionel Penrose hypothesized that the availability of psychiatric hospital beds was inversely 
related to the prison population, presumably due to the hospitalization of potential offenders with 
a mental illness. Subsequent studies have found evidence for this association, but questions remain 
about the contributions of confounding factors. Moreover, there has been a move towards deinsti-
tutionalization and community care of the mentally ill over the past six decades. In this study, the 
association between national homicide rates and three measures of the availability of psychiatric 
care – the numbers of psychiatrists, general hospital psychiatric beds, and psychiatric hospital beds 
per 100,000 population – was examined using a time-lagged correlation analysis. Associations be-
tween homicide rates and socioeconomic factors associated with crime were also examined. It was 
found that the availability of psychiatrists and of general hospital psychiatric beds were both nega-
tively correlated with homicide rates, and that the association with general hospital psychiatric beds 
remained significant even after correction for confounding factors. These results suggest the need 
for a more nuanced interpretation of Penrose’s original formulation, involving the interplay of so-
cial, economic factors and psychological factors rather than linear causality. 

Keywords: mental illness; homicide; violence; psychiatry; Penrose hypothesis; deinstitutionaliza-
tion 
 

1. Introduction 
The relationship between mental illness and crime, particularly violent crime, is com-

plex. Certain psychiatric disorders are associated with an elevated risk of violence and 
aggression, which can culminate in homicide in some cases [1-3]. These conditions include 
psychotic disorders (schizophrenia and related conditions), personality disorders, sub-
stance use disorders, and intellectual disability [4-6]. Rates of psychiatric diagnoses in in-
dividuals convicted of homicide have been found to vary significantly across studies. For 
example, a survey of individuals convicted of homicide in the United Kingdom found that 
34% met criteria for a mental disorder [7]. On the other hand, a similar study of homicide 
offenders from Sweden found that 90% fulfilled the diagnostic criteria for at least one psy-
chiatric disorder [8]. In this context, it is important to distinguish between the presence of 
a psychiatric diagnosis, which is made according to standard criteria developed by health 
professionals, and the determination of criminal responsibility for homicide, which is a 
legal judgement. In the study from the United Kingdom referenced above, only 9% of 
perpetrators received a verdict of “diminished responsibility” on the basis of their psychi-
atric diagnosis [7]; likewise, in a study of adult homicide perpetrators in Ontario, Canada, 
less than 4% of individuals were classified as “mentally abnormal homicides” requiring 
psychiatric treatment [9]. 
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In 1939, the British psychiatrist and geneticist Lionel Penrose identified an inverse 
correlation between the number of psychiatric in-patients and the prison population in 
data collected from 18 European countries. Based on this observation, he suggested that 
decreases in the population of psychiatric in-patients would result in an increase in the 
number of prisoners, and vice-versa [10]. This has subsequently been referred to in the 
literature as the “Penrose hypothesis” [11], “Penrose effect” [12] or “Penrose’s law” [13]. 
Penrose’s original proposal included both “insanity” (which would be termed “severe 
mental illness” or “psychosis” today) and “intellectual insufficiency” (now named “intel-
lectual disability”) as relevant diagnosis, and he also considered the possibility of a gender 
difference in this association [10, 14]. The Penrose hypothesis essentially implies that the 
availability of in-patient psychiatric case may reduce the rates of incarceration in those 
whose criminal offences were related to mental illness.  

 
In the eight decades since Penrose’s initial observations and proposal, several re-

searchers have examined the evidence for the Penrose hypothesis at the national and 
cross-national levels. Studies from the United Kingdom [14] and Hungary [13] have both 
reported significant negative correlations between the number of psychiatric beds and the 
prison population; in both these countries, a reduction in the number of psychiatric beds 
was associated with an increase in the prison population over time. However, the Hun-
garian data suggested that this association was confined to the prison population alone; 
there was no corresponding relationship between the number of psychiatric beds and the 
crime rate [13]. A study of six South American countries – Argentina, Bolivia, Brazil, Chile, 
Paraguay and Uruguay – found a significant inverse relationship between psychiatric bed 
number and prison population, even after correcting for the confounding effects of eco-
nomic growth and inequality [15]; however, a re-analysis of this data found no significant 
relationship between these variables after adjusting for secular trends in the social factors 
associated with crime [16]. Research involving larger numbers of countries has also 
yielded mixed results. A study of thirty Eastern European and Central Asian countries 
found a significant relationship between a decrease in psychiatric beds and increased 
prison populations in seventeen of these countries over the period 1990-2019; this effect 
appeared to be greater in countries with a lower per capita income and those which for-
merly belonged to the Soviet Union [17]; however, a study of twenty-six European coun-
tries, covering the period 1993-2011, found only a modest negative correlation between 
psychiatric beds and prison populations (ρ = -.35), which was not significant after adjust-
ing for socioeconomic factors [18]. The largest study of this sort, which included data from 
158 countries (38 high-income countries and 120 low- and middle-income countries), 
found a significant effect of income group on the results: prison and psychiatric bed pop-
ulations were positively correlated in low- and middle-income countries, but were not 
significantly correlated – either positively or negatively – in high-income countries [11]. 
Overall, these results suggest that evidence for the Penrose hypothesis is weak, and is 
probably confounded by socioeconomic factors. 

 
An important limitation of the analyses presented above is that they rely on numbers 

of psychiatric beds. At the time when Penrose formulated his original hypothesis, few 
effective treatments existed for mental illnesses, and patients were often admitted in psy-
chiatric hospitals or institutions for long periods of time [19]. With the advent of effective 
pharmacological treatments for major mental disorders, a process of “deinstitutionaliza-
tion” occurred in many parts of the world, characterized by a reduction in psychiatric bed 
strength, shorter durations of hospitalization, the integration of psychiatric treatment into 
general hospital settings, and the provision of treatment in patients’ own communities 
[20]. Under such an approach to mental health care, even patients with severe or chronic 
forms of mental disorder are often managed as out-patients, with in-patient care reserved 
for particularly severe episodes or exacerbations associated with a risk of harm to oneself 
or to others. Given this trend, a direct examination of the relationship between psychiatric 
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bed strength and crime-related outcomes, such as prison populations or convictions, has 
limited utility, and would benefit from being supplemented with other indices of the 
availability of psychiatric care. This would be particularly true in low- and middle-income 
countries where economic and social pressures may favour community-based treatment 
over institutional treatment, regardless of concerns related to patient well-being or the 
risk of offending [21]. However, a linear relationship is unlikely to exist in this case: some 
authors have argued, based on existing data, that deinstitutionalization was accompanied 
by an increase in the “criminalization” of mental illness, and that only a high standard of 
community-based care can reduce the risk of violent offending associated with certain 
mental disorders [22, 23]. 

 
Using the prison population as an “outcome” variable also has certain inherent limi-

tations, as policies regarding incarceration vary widely across countries and have little to 
do with considerations related to mental health [24]. Instead, it might be valuable to ex-
amine the relationship between the availability of psychiatric care and the rates of specific 
offences, such as homicide, which are known to be related to severe mental illness. Such 
analyses should ideally take into account the confounding effects of social and economic 
factors that are themselves key determinants of crime [25]. 

 
The study presented in this paper aims to extend the Penrose hypothesis by examin-

ing the relationships between three indices of the availability of psychiatric care – psychi-
atric bed strength, general hospital psychiatric bed strength, and number of psychiatrists 
per 100,000 population – and national homicide rates across 166 countries, while correct-
ing both for socioeconomic factors and for available estimates of the prevalence of mental 
illness in each country.  

 

2. Materials and Methods 
The current study is an ecological, time-lagged association study examining the as-

sociation between three indices of psychiatric care and national homicide rates, after cor-
rection for both socioeconomic factors related to crime and national estimates of the prev-
alence of mental illness  

 
     2.1. Study variables 
 

The three indices of psychiatric care used in this study are: 
 
(a) the number of psychiatrists currently involved in providing mental health care, 

expressed as the rate per 100,000 population 
(b) the number of psychiatric beds – that is, beds in dedicated psychiatric hospitals 

or institutions – per 100,000 population 
(c) the number of beds allocated for psychiatric care in general hospitals per 100,000 

population 
 
These three indices were selected for two reasons: (a) information on these variables 

is available in the public domain from the World Health Organization’s Global Health 
Observatory (GHO), and (b) examining these variables allows the testing of extended ver-
sions of the Penrose hypothesis, involving not just psychiatric beds but the provision of 
psychiatric treatment in general hospital or community settings. 

 
The estimated national homicide rate, based on data from the 2019 Global Burden of 

Disease Study, was selected as an index of the level of violent crime in each country. The 
homicide rate was chosen based on the following factors: (a) as homicide is coded and 
registered as a cause of death worldwide, estimates of homicide rates are reliably available 
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for all the countries included in this study, and (b) there is little cross-national variation 
in the definition or legal prosecution of homicide, as opposed to other forms of violent 
crime such as assault. It is for the same reasons that homicide has been extensively studied 
in relation to mental illness in prior national surveys [7-9]. 

 
Based on Penrose’s original suggestions, the following hypotheses were formulated: 
 
H1: A significant negative correlation exists between the number of psychiatrists per 

100,000 population and the national homicide rate. 
H2a: A significant negative correlation exists between the number of dedicated psy-

chiatric beds and the national homicide rate. 
H2b: A significant negative correlation exists between the number of psychiatric beds 

in general hospitals and the national homicide rate. 
 
As a secondary measure of interest, the associations between the three indices of psy-

chiatric care and the prison population, operationalized as the number of prison inmates 
per 100,000 population, was also examined; however, this was not the primary objective 
of the study. 

 
     2.2 Confounding variables 

Violent crime is a complex phenomenon that has both psychological and social de-
terminants [26]. In prior studies of the “Penrose effect”, socioeconomic factors appeared 
to be important confounders of the link between psychiatric bed strength and prison pop-
ulations. Therefore, it was assumed that these factors would be of comparable importance 
in the current study.  

Earlier studies that were designed specifically to test the Penrose effect found that 
national income – operationalized as gross national income per capita – was a significant 
confounder of associations between psychiatric bed strength and the prison population 
[11, 17]. In addition to this, recent review articles on the social determinants of crime were 
consulted [27-29]. On the basis of these articles, the following socioeconomic variables 
were also included in the analysis as potential confounders: economic inequality (opera-
tionalized as the Gini coefficient of income inequality), social capital (operationalized as 
the social capital sub-score of the Legatum Prosperity Index), unemployment rate, and 
average number of years of completed education for each member of the adult population. 

Though earlier studies of the Penrose effect have attempted to correct for some of the 
above economic variables, they did not take into account the actual or estimated preva-
lence of specific forms of mental illness – particularly schizophrenia and related disorders 
– that have been previously associated with homicide. Hence, in the current study, the 
estimated prevalence of schizophrenia and related conditions for the year 2015 was in-
cluded as a possible confounding variable in the data analysis. Substance use disorders 
are also frequently associated with homicide [30], and patients with mental illness have 
high rates of comorbid substance use [31]. Moreover, substance use disorders may in-
crease the risk of offending in patients with an existing mental disorder [32, 33]. Therefore, 
the estimated prevalence of substance use disorders for each country for the year 2015 
was also considered as a possible confounder. 

 
     2.3 Data sources 

Information on indices of psychiatric care was available for the year 2015-16 from the 
GHO, and this data was used for the current study [34]. Data on at least one of these indi-
ces was available for a total of 166 countries, and these countries were included in the 
subsequent analyses. When considered individually, data availability was as follows: 
number of psychiatrists – 146 countries, number of general hospital psychiatric beds – 116 
countries, and number of dedicated psychiatric beds – 127 countries.  
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Information on national homicide rates was retrieved through a database query from 
the website of the Institute of Health Metrics and Evaluation, which provides complete 
data resources for the Global Burden of Disease (GBD) studies for the period 1990-2019 
[35]. For the current study, only homicide rates for the year 2019 were considered. The 
same data source was used to obtain information on the estimated prevalence of schizo-
phrenia and of substance use disorders for the year 2015. 

 
Information on relevant socioeconomic indicators – gross national income per capita, 

the Gini coefficient of income inequality, social capital, the average years of completed 
education for each adult, and the estimated unemployment rate – were obtained for the 
year 2015 from the World Bank’s database [36]. 

 
Information on prison populations for each country, defined as the number of prison 

inmates per 100,000 population, was obtained for all countries included in this study from 
the World Prison Brief, an online database of global prison- and prison system-related 
statistics [37]. 

 
     2.4 Data analysis 

 
All study variables were tested for normality prior to data analysis. As they did not 

conform to a Gaussian distribution (p < .05 for all principal and confounding variables, 
Shapiro-Wilk test), a natural logarithmic transformation was applied prior to further data 
analysis. In the first stage of the data analysis, unadjusted bivariate correlations were com-
puted between all three indices of psychiatric care and national homicide rates for each 
country. Pearson’s correlation coefficient (r) was calculated for this purpose. In the analy-
sis of homicide rates, both the total homicide rate and the gender-specific homicide rates 
were examined, to assess the possibility of a gender-specific variation. This possibility was 
considered in view of the apparent predominance of female homicide victims (in the case 
of domestic homicides) perpetrated by mentally ill offenders reported in an earlier study. 

 
Next, the bivariate correlations between homicide rates (total, male and female) and 

the confounding variables listed above were examined in a similar manner. On the basis 
of these analyses, partial correlation coefficients (partial r) were computed for the associ-
ations between indices of psychiatric care and homicide rates while controlling for those 
confounding factors identified as significantly associated with homicide. All bivariate 
tests were two-tailed, and a significance level for this study was set at p < .05. 

 
In the third step, a multivariate linear regression analysis was carried out to examine 

the robustness and strength of the association between indices of psychiatric care and na-
tional homicide rates. All variables that were associated with homicide rates at p < .05 
(uncorrected) in the unadjusted bivariate analyses were included in this model. A step-
wise approach was used for the linear regression in view of the possibility of significant 
multicollinearity between socioeconomic indicators. 

 
Finally, the association between the three indices of psychiatric care and the prison 

population in each country were examined using a similar procedure. 

3. Results 
A total of 166 countries were included for analysis in this study, as information on at 

least one index of psychiatric care was available for each of them. Information on the dis-
tribution of the key study variables – indices of psychiatric care and national homicide 
rates – is summarized in Table 1. 
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Table 1. Distribution of key study variables across 166 countries 
 

Variable Median (IQR) Maximum Minimum 
National homicide 
rate (total homi-
cides per 100,000 
population) 

3.56 (7.09) 48.71 
(El Salvador) 

0.44 
(Singapore) 

Male homicide rate 
(per 100,000 popu-
lation) 

5.73 (10.99) 91.92 
(El Salvador) 

0.44 
(Singapore) 

Female homicide 
rate (per 100,000 
population) 

1.33 (2.36) 36.95 
(Eswatini) 

0.22 
(Egypt) 

Number of psychi-
atrists per 100,000 
population 

1.43 (6.65) 0.001 
(Marshall Islands) 

48.04 
(Norway) 

Number of dedi-
cated psychiatric 
beds per 100,000 
population 

11.05 (33.06) 0.001 
(Burkina Faso, Bru-

nei) 

196.60 
(Japan) 

Number of general 
hospital psychiatric 
beds per 100,000 
population 

1.89 (8.70) 0.001 
(Colombia, Vene-

zuela, Yemen) 

148.80 
(Monaco) 

     Abbreviations: IQR, inter-quartile range 
Table 2 presents the results of unadjusted bivariate correlations between the three indi-

ces of psychiatric care and national total, male and female homicide rates for the countries in-
cluded in this study. It can be observed that both the number of psychiatrists and the number 
of general hospital psychiatric beds were significantly and negatively correlated with each of 
the homicide rates; this association remained significant even after applying Bonferroni’s cor-
rection for multiple comparisons (for a 6 x 6 table). This provides preliminary evidence of sup-
port for hypotheses H1 and H2b. On the other hand, no significant association was found be-
tween the number of psychiatric beds in dedicated hospitals or institutions and the homicide 
rate; in other words, hypothesis H2a was not supported. On the other hand, when the ratio 
between dedicated and general hospital beds was examined in relation to homicide rates, no 
significant association was identified (r = .11 to .17, p > 0.1 for all correlations). 

 
Table 2. Correlations between indices of psychiatric care and national homicide rates. 

Variable National homicide 
rate, total 

National homicide 
rate, male 

National homicide 
rate, female 

Number of psychia-
trists per 100,000 

population 

-.32 (<.001) -.32 (<.001) -.28 (<.001) 

Number of dedi-
cated psychiatric 
beds per 100,000 

population 

-.10 (.243) -.12 (.175) -.04 (.676) 

Number of general 
hospital psychiatric 

-.43 (<.001) -.44 (<.001) -.33 (<.001) 
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beds per 100,000 
population 

Note: All values are given as Pearson’s r (significance level). Values marked in bold indicate corre-
lations significant at p < .05 after applying Bonferroni’s correction for a 6 x 6 table. 

 
Associations between national homicide rates, indices of psychiatric care, and the con-

founding variables examined in this study – socioeconomic indices and estimates of the preva-
lence of schizophrenia and substance use disorders – are presented in Table 3. From these 
analyses, it can be noted that the Gini coefficient of economic inequality was significantly and 
positively correlated with all three homicide rates, even after correction for multiple compari-
sons. Negative correlations with homicide rates were observed for gross national income per 
capita and for average years of education, but these were not significant after applying Bonfer-
roni’s correction. Unexpectedly, the estimated prevalence of schizophrenia was negatively 
correlated with national homicide rates; however, this association was insignificant after cor-
rection for multiple comparisons, and a strong correlation was noted between the number of 
psychiatrists per 100,000 population and the prevalence of schizophrenia (r = .85) suggesting a 
possible confounding effect. (A complete correlation matrix of all study variables is provided 
in the Supplementary Table; see Table S1.) 

 
Table 3. Correlations between national homicide rates, indices of psychiatric care, and 

potential confounding variables. 

Variable National 
homicide 
rate, total 

National 
homicide 
rate, male 

National 
homicide 
rate, female 

Number 
of psychi-
atrists per 
100,000 
popula-
tion 

Number 
of dedi-
cated psy-
chiatric 
beds per 
100,000 
popula-
tion 

Number 
of general 
hospital 
psychiat-
ric beds 
per 
100,000 
popula-
tion 

Gross national 
income per 
capita 

-.36 (<.001) -.39 (<.001) -.31 (.001) .81 (<.001) .50 (<.001) .52 (<.001) 

Gini coeffi-
cient of in-
come inequal-
ity 

.58 (<.001) .57 (<.001) .51 (<.001) -.38 
(<.001) 

-.38 
(<.001) 

-.31 (.002) 

Social capital, 
Legatum 
Prosperity In-
dex sub-score 

-.16 (.093) -.18 (.058) -.11 (.218) .42 (<.001) .20 (.047) 38 (<.001) 

Unemploy-
ment rate 

.10 (.197) .09 (.267) .15 (.066) .23 (.007) .21 (.022) .21 (.027) 

Average years 
of education  

-.21 (.007) -.22 (.005) -.17 (.024) .80 (<.001) .68 (<.001) .53 (<.001) 

Prevalence of 
schizophrenia 
and related 
disorders 

-.35 (<.001) -.35 (<.001) -.33 (<.001) .85 (<.001) .56 (<.001) .49 (<.001) 
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Prevalence of 
substance use 
disorders 

.01 (.884) -.01 (.916) .07 (.368) .70 (<.001) .53 (<.001) .46 (<.001) 

Note: All values are given as Pearson’s r (significance level). Values marked in bold indicate corre-
lations significant at p < .05 after applying Bonferroni’s correction for a 13 x 13 table. 

 
Based on those associations found to be significant in Table 3, partial correlation anal-

yses were carried out and are summarized in Table 4. Initially, correlations between the two 
indices of psychiatric care significantly associated with homicide rates were corrected for the 
Gini coefficient alone, as this variable was independently associated with homicide rates. Sub-
sequently, variables that were correlated with the specific index of psychiatric care were also 
included as covariates. It was found that the association between the number of psychiatrists 
and national homicide rates was no longer significant. However, the number of general hospi-
tal psychiatric beds per 100,000 population remained negatively correlated with all three hom-
icide rates after correcting for the Gini coefficient; when gross national income per capita was 
included as an additional confounder, associations between the number of general hospital 
psychiatric beds and the total and male homicide rates remained statistically significant. Thus, 
while the results of the partial correlation analyses did not support H1 or H2a, they provided 
significant support for H2b. 

 
Table 4. Partial correlations between national homicide rates and indices of psychiatric 

care. 

Variable Variables cor-
rected for 

National homi-
cide rate, total 

National homi-
cide rate, male 

National homi-
cide rate, female 

Number of psy-
chiatrists per 
100,000 popula-
tion 

Gini coefficient -.10 (.236) -.11 (.206) -.08 (.356) 

Gini coefficient, 
social capital, 
gross national 
income per cap-
ita, average 
years of educa-
tion 

.13 (.219) .13 (.222) .16 (.124) 

Number of gen-
eral hospital 
psychiatric beds 
per 100,000 pop-
ulation 

Gini coefficient -.36 (<.001) -.38 (<.001) -.25 (.011) 

Gini coefficient, 
gross national 
income per cap-
ita 

-.28 (.005) -.28 (.004) -.17 (.094) 

Note: All values are given as Pearson’s r (significance level). Values marked in bold indicate corre-
lations significant at p < .05 after correcting for the covariates listed in the second column. 

 

Results of the stepwise multivariate linear regression analysis, with each homicide rate 
taken as the dependent variable in turn, are presented in Table 5. Regardless of the specific 
homicide rate being considered (total, male or female), the variables significantly associated 
with this parameter in multivariate regression were the Gini coefficient, which was positively 
associated with homicide, and the number of general hospital psychiatric beds per 100,000 
population, which showed a negative association with homicide. These results provide further 
support for H2b. The proportion of variance in homicide rates explained by these two varia-
bles ranged from 24-40%, and they were more strongly associated with male than with female 
homicide rates. 
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Table 5. Stepwise linear regression analysis of the variables significantly associated with 

homicide rates. 
 

Dependent 
variable 

Variables in-
cluded in the 
model 

Variables in-
cluded in the 
final model 

Correla-
tion coef-
ficient 

Signifi-
cance 
level 

Variance 
inflation 
factor 

Ad-
justed 
R2 

Total homi-
cide rate 

Number of 
psychiatrists 
Number of 
general hos-
pital psychi-
atry beds 
Gross na-
tional in-
come per 
capita 
Gini coeffi-
cient 
Average 
years of edu-
cation 
Estimated 
prevalence 
of schizo-
phrenia 

Gini coeffi-
cient 
 
Number of 
general hos-
pital psychi-
atry beds 

.48 
 
-.29 

<.001 
 
.001 
 
 

1.08 
 
1.08 

.374 

Male homi-
cide rate 

Gini coeffi-
cient 
 
Number of 
general hos-
pital psychi-
atry beds 

.49 
 
 
-.30 
 
 

<.001 
 
 
<.001 

1.08 
 
 
1.08 

.395 

Female 
homicide 
rate 

Gini coeffi-
cient 
 
Number of 
general hos-
pital psychi-
atry beds 

.41 
 
 
-.23 

<.001 
 
 
.015 

1.06 
 
 
1.06 

.244 

The association between the three indices of psychiatric care, national prison popula-
tions and homicide rates was also examined as a test of the original Penrose hypothesis. The 
results of this analysis are presented in Table 6. In these analyses, prison population was posi-
tively correlated with all three homicide rates even after correction for socioeconomic varia-
bles (see Table S1). On the other hand, prison population was positively correlated with both 
the number of psychiatrists and the number of psychiatric beds per 100,000 population, but 
only the former association retained significance after correction for socioeconomic confound-
ers.  

These findings are at variance with the original Penrose hypothesis, but are consistent 
with the earlier report of such a divergent finding from low- and middle-income countries. To 
test for this possibility, the associations between indices of psychiatric care and prison popula-
tions were repeated separately for high- and for low-/middle-income countries, based on the 
World Bank income groups for the year 2015-16 [38]. In high-income countries, there was a 
trend towards a Penrose-type association between the number of psychiatrists per 100,000 
population and the prison population (r = -.27, p = .089, n = 42), but no significant association 
for the other two indices of psychiatric care. In low- and middle-income countries, all three 
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indices of psychiatric care were significantly and positively correlated with the prison popula-
tion, replicating the earlier results (number of psychiatrists: r = .60, p < .001, n = 104; dedicated 
psychiatric beds: r = .44, p < .001, n = 84; general hospital psychiatric beds: r = .23, p = .042, n = 
80). 

  
Table 6. Association between indices of psychiatric care, prison populations and homi-

cide rates. 

Variable Homicide 
rate, total 

Homicide 
rate, male 

Homicide 
rate, fe-
male 

Number of 
psychia-
trists per 
100,000 
population 

Number of 
dedicated 
psychiatric 
beds per 
100,000 
population 

Number of 
general 
hospital 
psychiatric 
beds per 
100,000 
population 

Prison 
popula-
tion, un-
adjusted 

.32 (<.001) .32 (<.001) .26 (<.001) .37 (<.001) .27 (.002) .11 (.261) 

Prison 
popula-
tion, ad-
justed for 
gross na-
tional in-
come, Gini 
coefficient 
and aver-
age years 
of educa-
tion 

.29 (<.001) .30 (<.001) .19 (.025) .24 (.006) .07 (.489) -.07 (.496) 

 
Note: All values are given as Pearson’s r or Pearson’s partial r (significance level). Values in bold 
indicate correlations significant at p < .05. 

4. Discussion 
In this study, a negative association was observed between two measures of the avail-

ability of mental health care – the number of psychiatrists per 100,000 population, and the 
number of psychiatric beds in general hospitals per 100,000 population – and national 
homicide rates. The strength of this association was weak to moderate (r = -.28 to -.43) [39], 
indicating that even in unadjusted analyses, these variables could predict only around 8-
18% of the variation in homicide rates. Though there was evidence of a slight effect of 
gender, with stronger associations noted for male homicide rates, this did not affect the 
overall statistical significance of the study findings. After correction for socioeconomic 
and mental health variables, a significant negative association was still observed between 
the number of general hospital psychiatric beds and national homicide rates, with little 
change in the magnitude of the observed effect (r = -.25 to -.36, 6-13% of variance ex-
plained). This was confirmed in the multivariate linear regression analyses, where the 
number of general hospital psychiatric beds per 100,000 population, along with the Gini 
coefficient of income inequality, remained significant predictors of total, male and female 
homicide rates. 
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These findings are consistent with a modified form of the Penrose hypothesis in 
which the availability of psychiatric care, particularly during acute episodes or exacerba-
tions of psychiatric illness, may represent one of several factors associated with a reduc-
tion in homicide risk. The history of psychiatric in the post-World War II period has been 
characterized by a more or less steady reduction in the number of “dedicated” psychiatric 
beds in institutions or “asylums”, along with a shift towards care in the community and 
shorter hospital stays [20, 40-44]. In this context, general hospital psychiatric services have 
often played a complementary role to community-based out-patient services [45, 46], par-
ticularly in low- and middle-income countries where they often provide in-patient care 
for acute episodes of severe mental illness [21, 47-49]. Therefore, it is plausible that access 
to psychiatric beds in general hospitals can reduce the risk of harm to others, particularly 
in patients with severe mental illness who present with an acute exacerbation of symp-
toms or comorbid substance abuse [50, 51]. Though such a hypothesis is supported by the 
current data, it requires more direct confirmation at the national and regional levels. A 
similar argument might apply to the observed inverse relationship with the number of 
psychiatrists: even if these professionals are working in community or hospital-based set-
tings rather than in psychiatric institutions, they may be able to identify clinical predictors 
of aggression and make appropriate decisions regarding hospitalization [52-54]. How-
ever, the magnitude of such an effect, even if it does exist, is probably modest and influ-
enced by both socioeconomic variables and by other factors, such as national policies re-
lated to involuntary psychiatric admission [55, 56]. 

 
The lack of association between the availability of dedicated psychiatric beds and 

homicide rates is also consistent with the aforementioned trends in the delivery of psychi-
atric care, including hospitalization and crisis management. Though some authors have 
expressed concerns about a phenomenon of “reinstitutionalization” (in which mentally ill 
offenders are confined in other institutionalized structures, such as supported housing” 
or “criminalization” (in which mentally ill offenders are confined in prisons rather than 
in psychiatric settings, due to the failure of community-based care), such contentions are 
not consistently supported by the data [57, 58]. The lack of a positive association between 
the ratio of “dedicated” to “general hospital” psychiatric beds and homicide rates sug-
gests that it is the availability, rather than the specific locus, of psychiatric care which may 
have a beneficial effect on violent offences. It is also noteworthy that in some countries, 
particularly in those where deinstitutionalization occurred relatively late, the decrease in 
dedicated psychiatric beds was not associated with a reduction in general hospital psy-
chiatric beds, perhaps allowing the latter to substitute for the former [59].  

 
Regarding the other variables assessed in this study, the link between economic ine-

quality and violent crimes such as homicide is well documented in the forensic literature 
as well as in studies of health economics [25-29; 60-63]. The mechanisms linking absolute 
or relative poverty to violence are complex, and include widening inequality over time, 
disadvantages related to education and employment, exposure to adverse events in child-
hood, and involvement in subcultures associated with substance misuse or socially devi-
ant behaviour [63, 64]. These may be particularly relevant in the case of mentally ill of-
fenders in whom economic adversity can exacerbate pre-existing risks through factors 
such as non-availability of treatment and comorbid substance use disorders [65]. The cor-
relation coefficient between income inequality and homicide reported in the current study 
(.58) is higher than that reported for developed countries (r = .44) [63] but lower than that 
reported in a study of former Communist countries (r = .75) [62], suggesting that this re-
lationship may be modified by other economic and cultural factors. Given the consistency 
of this association even after correcting for potential confounders, the current results sug-
gest that a more “fine-grained” examination of the relationship between mental health, 
economic deprivation and homicide is warranted. 
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The apparent negative correlation between the estimated prevalence of schizophre-
nia and homicide rates appears paradoxical, but can be explained in several ways. First, 
many homicides are committed by individuals with undiagnosed or unidentified mental 
illness [51]; such cases would not be reflected in estimates of the prevalence of specific 
mental disorders, particularly in low- and middle-income countries where there is limited 
epidemiological data. Second, in view of the moderate to strong positive correlation be-
tween indices of psychiatric care and the prevalence of schizophrenia (r = .49 to .85; Table 
3), it is possible that this variable may reflect better rates of diagnosis and treatment at the 
community or hospital level. Third, though high rates of schizophrenia are reported in 
some samples of violent offenders, the association is weaker in the other direction: the 
absolute risk of perpetration of violence in patients diagnosed with this disorder is ap-
proximately <25% in men and 5% in women, and these statistics include not just homicide 
but all violent offences, such as assault and arson [66, 67]. Fourth, even in individuals with 
severe mental illness, additional social and clinical variables can affect the risk of violent 
crime [68]. Finally, it should be recalled that regardless of the Penrose hypothesis and 
related formulations, a significant number of homicides are committed by individuals 
without a psychiatric diagnosis; for example, in an Australian study of 435 perpetrators 
of homicide, less than 10% received a diagnosis of severe mental disorder [69]. 

 
Finally, when attempting to replicate Penrose’s original findings, this study did not 

find a negative correlation between indices of psychiatric care (including the number of 
“institutional” psychiatric beds) and the prison population. Instead, there was some evi-
dence of a positive association between the two, though this varied according to national 
income groups and was of marginal to no significance after correcting for socioeconomic 
factors (Table 6). Though this result contradicts the results of research from high- and 
high-middle-income countries [15, 18], it is consistent with the results of an earlier study 
similar to the current one [11]. This suggests that a “Penrose effect” is probably of rele-
vance only to higher-income countries, and highlights the need to test such hypotheses on 
a more global scale. The positive correlation between indices of psychiatric care and 
prison populations in low- and middle-income countries is counter-intuitive and requires 
further exploration; possible explanations include cultural and economic factors influenc-
ing rates of offending, higher levels of stigmatization of mental illness that may delay or 
prevent appropriate treatment, differences in legislation pertaining both to incarceration 
and to psychiatric admission, and differences in governmental priorities and investment 
in the criminal justice and mental health systems [11, 24, 70-72]. 

 
When interpreting these results, certain limitations of this study should be kept in 

mind. First, they are based on country-level data and cannot be used to address individual 
or regional variations in homicide rates; more specifically, these results cannot be extrap-
olated to individual offenders in a simplistic manner (the “ecological fallacy”). Second, 
the data used for the analysis is based on estimates and has a certain inherent margin of 
error that could affect the magnitude and significance of the results obtained. Third, it is 
not known if these results apply to other forms of violent crime, such as physical or sexual 
assault, that may be committed by mentally ill offenders. Fourth, though efforts were 
made to control for certain socioeconomic factors in the data analysis, it is likely that var-
iations in homicide rates may also be influenced by other economic and cultural factors 
that do not lend themselves easily to operationalization. Finally, the significance of the 
study findings should not be overstated; if there is indeed an effect of psychiatric care on 
homicide rates, it is likely to be modest in magnitude. 

5. Conclusions 
The current study, despite certain limitations, provides a possible extension of the 

Penrose hypothesis by suggesting that the availability of psychiatric care is negatively 
correlated with homicide rates at a national level. As this association remained significant 
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even after correctio”n for potential socioeconomic confounders, it is unlikely to represent 
a purely chance association. The mechanism by which the availability of psychiatric care 
could influence the risk of homicide per se remains unclear, but may reflect the availability 
of treatment for patients in an acute episode or phase of severe mental illness when the 
risk of aggression and violence is high. In contrast, Penrose’s original findings could not 
be replicated in this data set, which probably reflects the limited utility of prison popula-
tions as a marker of violent offending by the mentally ill. The replication of these results 
at different levels, after correction for additional variables such as legislation related to 
involuntary psychiatric admission and incarceration, would allow for a more robust test 
of the findings and suggestions tentatively advanced in this paper. 
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