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Background

NHS Psychiatric beds comprise mental illness and intellectual

disability beds. Penrose hypothesised that the number of psy-
chiatric in-patients was inversely related to prison population

size.

Aims
To ascertain whether the Penrose hypothesis held true in
England between 1960 and 2018-2019.

Method

A time-series analysis explored the association between total
prison population and NHS psychiatric beds; this was also tested
for the male and female prison populations, using non-psychi-
atric beds as a comparator. Associations were explored with
time lags of up to 20 years. Linear regression was conducted
to estimate the size of the effect of bed closures.

Results

NHS psychiatric beds decreased 93% and the prison population
increased 208%. A strong (r=—0.96) and highly significant nega-
tive correlation between these changes was found. Annual
reduction in psychiatric bed numbers was associated with an
increase in prison population, strongest at a lag of 10 years. The
closure of mental iliness and intellectual disability beds was
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associated with increases in female prisoners 10 years later. The
only significant explanatory variable for the increase in male
prison population was intellectual disability bed reduction.

Conclusions

The Penrose hypothesis held true between 1960 and 2018-2019
in England: psychiatric bed closures were associated with
increases in prison population up to 10 years later. For every 100
psychiatric beds closed, there were 36 more prisoners 10 years
later: 3 more female prisoners and 33 more male prisoners. Our
results suggest that the dramatic increase in the female prison
population may relate to the closure of NHS beds.
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The origin of the Penrose hypothesis

The Penrose hypothesis,' first postulated over 80 years ago, states that
an inverse relationship exists between psychiatric in-patient numbers
and the prison population: when the in-patient population decreases
the prison population will increase. The hypothesis was conceptua-
lised by studying 18 European countries, using a cross-sectional
design in 1939. In the original work, Penrose specifically referred to
two types of mental disorder in relation to the hypothesis: ‘insanity’
(mental illness) and ‘intellectual insufficiency’ (intellectual disability,
also known as learning disability in UK health services), with both of
these contributing to the association. Penrose also noted that in coun-
tries with smaller psychiatric in-patient bed numbers, the psychiatric
in-patient population showed a gender split similar to the prison
population, with a higher proportion of men.'

Previous investigations relating to the Penrose
hypothesis

A series of longitudinal studies have investigated the Penrose
hypothesis over varying time periods. In six South American coun-
tries, the hypothesis was confirmed over a 21-year period;” for every
psychiatric bed closed there was an increase of five prisoners.
Further research supported the Penrose hypothesis in six out of
seven European countries studied over periods between 12 and 36
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years, using regional and national data (Italy was the exception).*
A Norwegian study’ over a period of 70 years supported the
hypothesis both during a 30-year period when bed numbers
increased and during the subsequent 40 years when bed numbers
decreased. However, there were large gaps in the data on bed
numbers.

Relevance to the National Health Service today

In the UK, as in many advanced healthcare systems, both acute and
psychiatric hospital in-patient beds have reduced.® The National
Health Service (NHS) was created in 1948 and psychiatric bed
numbers peaked in the 1950s.” By the 1960s, a new plan was devel-
oped for hospitals and bed closures affected all areas of the health
service. Reductions in both psychiatric and non-psychiatric beds
followed.® In this paper, we document changes to NHS hospital
in-patient beds and the prison population since the 1960s, and
test the Penrose hypothesis over a 58-year period between 1960
and 2018-2019. We aim to investigate whether any association
with hospital bed closures is specific for psychiatric beds, and
whether this association applies equally to mental illness and intel-
lectual disability beds. We will also conduct additional analysis to
see whether there is any difference in the Penrose hypothesis
according to gender.
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Method

Procedure

Routinely collected data on the average daily number of NHS in-
patient beds each year between 1960 and 2008-2009 were obtained
from a data request to NHS England. Data for 2008-2009 to 2018-
2019 were available on the NHS England website.” This included
data by sector (general and acute, maternity, mental illness, and
intellectual disability). Total psychiatric bed numbers were calcu-
lated by combining mental illness and intellectual disability.
General and acute, and maternity bed numbers were combined to
form a non-psychiatric category.

The average end-of-month prison population in England and
Wales for each year from 1940 to 2014 was obtained from the
Howard League for Penal Reform.'” The data for 2015-2018 were
gathered from the Ministry of Justice website.'' These numbers
were available for male and female prisoners for the whole time
period. The Ministry of Justice website also had separate numbers
in custody in Welsh prisons and English prisons for more recent
years. This indicated that 96.1% of the prison population was in
England. This was used to estimate the prison population in
England for the years where only the combined number for
England and Wales was available. A sensitivity analysis was con-
ducted replacing 96.1% with 94%, 98% and 100%.

England population data were obtained for 1971-2018 from the
Office of National Statistics website.'> The general population of
England and Wales from 1960 to 1970 were combined, so an esti-
mate of 94.35% from England was made based on the 1971-1980
data for England and Wales separately for those years.

Ethical approval was not required for this study, as all of the
source data were freely available in the public domain.

Analysis

Population-adjusted bed numbers and prison population were cal-
culated per 100 000 population of England for each year. A time
series was created with SPSS (Windows, version 25), and annual
changes in each variable were calculated with the differencing func-
tion. The prison population and psychiatric bed numbers were then
correlated against each other across the 58-year study period. A
time-lagged analysis was then undertaken comparing bed
numbers with the prison population 20 years earlier and up to 20
years later. These analyses were carried out in this way to investigate
fully which change (psychiatric in-patients or prison population)
came first, and thus potentially influenced the other. The time-lag
analysis was carried out to test for any temporal link between the
closure of hospital beds and the increase in the prison population.
Pearson’s correlations were calculated at each time-lag year. These
correlations were calculated for annual numbers and annual
changes. The association was measured for the total prison popula-
tion and for the male and female prison populations separately.
Similarly, the association was measured for all NHS beds and for
the number of psychiatric and non-psychiatric beds. Within psychi-
atric beds, the association was measured for mental illness and intel-
lectual disability beds.

We chose an alpha level of 0.01, given the multiple time-lag
years. We then applied a Bonferroni correction as five variables
(three bed types and the male and female prison populations)
were used. Therefore, we used the P-value [0.01+5 = 0.002] for the
time-series analysis.

The final step was to create two models by using linear regres-
sion. The ‘enter’ function was used on SPSS instead of a stepwise
regression. This was carried out at the time lag with the strongest
association. The annual change in the prison population was the
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dependent variable. In model 1, the reduction in psychiatric beds
and non-psychiatric beds were the explanatory variables. In
model 2, the reductions in mental illness, intellectual disability
and non-psychiatric beds were the explanatory variables. The
regression models were created to determine the magnitude of the
association of the reduction of NHS psychiatric beds and non-psy-
chiatric beds with subsequent changes in the prison population
(model 1), and whether this differed between the subcategories
of psychiatric beds (mental illness or intellectual disability)
(model 2).

Results

Across the 58-year period studied (1960 to 2018-2019), the number
of psychiatric beds fell by 90%, from 201 275 to 19 389 (see Table 1),
compared with a 56% reduction in non-psychiatric beds (from 246
244 to 108 994). Intellectual disability beds had the largest propor-
tion (98%) of bed closures (56 181 reduction), and 87% of mental
illness beds were closed (125 706 reduction).

At the same time, the prison population more than trebled, from
26048 to 80203 (208% increase). The male prison population
increased by 204%, from 25 182 to 76 495; the female prison popu-
lation increased by 328%, from 866 to 3708. The increase in the
prison population between 1960 and 2018 was significantly different
for men and women (x> (1, 58) = 80.492, P < 0.001). The population
of England increased by nearly 13 million, from 43 188712 to
55977200 (30% increase).

Association between NHS bed numbers and the prison
population

The key finding was a very strong inverse association between the
prison population and the number of psychiatric beds (r=—0.92,
n=59, P<0.001) over the 58-year period. This applied across
all the time lags, and to the male prison population (r=-0.92,
n=59, P<0.001) and female prison population (r = —0.88, n =59,
P<0.001). An equally strong inverse association was found
between the prison population and the number of non-psychiatric
beds (r=-0.95 n=59, P<0.001; male prison population:
r=-0.90, n=59, P<0.001; female prison population: r=—0.95,
n=>59, P<0.001).

Association between annual reduction of bed numbers
and annual change in prison population

There was a moderately strong and significant association between
the annual reduction in psychiatric beds and the subsequent
increase in the prison population in later years. Visual inspection
of Fig. 1 showed that this association started at a time lag of
4 years, peaked at 10 years (¢ + 10, r=0.53, n=48, P<0.001) and
ended at a lag of 16 years. For the female prison population,
the association was significantly positive for six time lags (¢t +7,
t+8, t+9, t+10, t+11, t+12), with the strongest correlation
at 10 years (t+10, r=0.64). However, for the male prison
population, there were significantly positive associations for
2 years (t+9, t+10), with the strongest correlation at 10 years
(t+10, r = 0.50).

When psychiatric beds were split into constituent parts, there
was a significant association between the reduction of intellectual
disability beds and the increase in prison population, this was sig-
nificant for 2 years (t+9, t+ 10), with the strongest being at 10
years (t+10, r=0.54, n=48, P<0.001), and showed a similar
pattern according to gender (female prison population: t+7, t+ 8,
t+9, t+10, t+11, with the strongest at 10 years, r=0.57;
male prison population: t+9, ¢+ 10, with the strongest at 10
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Psychiatric bed numbers and the prison population

Table 1 The number of NHS in-patient hospital beds, the prison population and the total population in England from 1960 to 2018

NHS beds Prison population
Psychiatric
All Mental Intellectual Non- All prison Male prison  Female prison England
psychiatric illness disability psychiatric population population population population
Absolute 1960 201275 144072 57204 246244 26048 25182 866 43188713
numbers 2018- 19389 18366 1023 108 994 80203 76 495 3708 55977 200
2019
Difference —181 886 -125706 -56181 —137 250 54155 51313 2842 12788488
% Change -90 -87 -98 -56 208 204 328 30
Population- 1960 466.0 333.6 132.5 570.2 60.3 59.3 2.0 —
adjusted 2018- 34.6 32.8 1.8 194.7 143.3 136.7 6.6 -
numbers 2019
Difference —431.4 -300.8 -130.6 -375.4 83.0 78.4 4.6 —
% Change -92.6 -90.2 -98.6 —65.8 137.6 134.5 230.0 -
NHS in-patient beds are divided into psychiatric and non-psychiatric. Psychiatric beds are further divided into mental illness and intellectual disability. The total prison population is shown
along with the male and female prison populations. Total numbers, population-adjusted (per 100 000) number and the percentage change between the beginningand end of the study period
are shown. NHS, National Health Service.
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Fig. 1 Associations between annual reduction in psychiatric bed numbers and the annual change in the prison population lagged over a period
of 20 years previous (earlier years: t — 20 to t — 1) and 20 years later (later years: t + 1 to t + 20). Significant years of association were identified at t

+9 and t + 10 where error bars do not cross 0. These show a positive association between the reduction of psychiatric bed numbers and the

increase in the prison population 9 and 10 years later.

years, r = 0.52). The association with the reduction of mental illness
beds was weaker and only significant for the female prison popula-
tion (t+9, t+10, t+11), with the strongest at 11 years (r = 0.56)
(see Table 2). The association between annual reduction of non-psy-
chiatric beds and prison population was also only significant for the
female prison population (¢ +9, t+ 10, r = 0.57 for both years).

Linear regression model

In model 1, the reduction in psychiatric bed numbers was a
significant explanatory variable for the subsequent increase in
the total prison population 10 years later (F(2, 45) = 8.81, P=0.001,
R*=0.28). The same findings applied to the male prison population
(F(2, 45)=7.72, P=0.001, R*=0.26). Both the reduction in
psychiatric beds and non-psychiatric beds were significant
explanatory variables for the subsequent increase in the female
prison population (F(2, 45) =19.2, P <0.001, R*=0.46) (see Table 3).

In model 2, the reduction in intellectual disability beds was an
explanatory variable for the subsequent increase in the total
prison population 10 years later (F(3, 44) = 6.67, P=0.001, R*=
0.31). In contrast, the reduction in mental illness beds was a signifi-
cant explanatory variable for the increase in the female prison popu-
lation 10 years later, with a trend toward the reduction in intellectual
disability beds and non-psychiatric beds (see Table 3). There was no
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significant explanatory variable for the rise in the male prison
population.

In the sensitivity analysis, the previously identified associations
persisted.

Discussion

Over the 58-year period studied, there was a very strong inverse
relationship between the number of psychiatric beds and total
prison population. This finding supports the Penrose hypothesis
and is consistent with a number of previous studies across many
countries.”™

We also found an inverse relationship between the number of
non-psychiatric NHS hospital beds and the prison population.
However, when the association between annual change in NHS
bed numbers was studied, the following important findings were
identified. First, the association between the reduction of NHS
beds with the increase in the prison population was only significant
for psychiatric beds, and was not significant for non-psychiatric
beds. Furthermore, this association was strongest at a lag of 10
years: the reduction of psychiatric beds was associated with an
increase in the prison population 10 years later. This annual
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Pearson correlation with the annual change in the prison population in earlier years Pearson correlation with the annual change in the prison population in later years
Time lag (years) 20 12 18 17 16 15 14 13 12 1 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15 16 17 18 19 20
NHS beds Prison
Psychiatric overall =01 =02 -0.1 =01 -02 -02 -01 -0.1 -01 -0.1 -01 -0.1 -01 -02 -03 -0.1 -01 -01 -01 -02 00 00 -01 -01 02 02 02 04 04 05 05 04 02 03 03 03 01 00 00 01 00
beds Male  -01 -02 -01 -01 -02 -02 -01 -0.1 -01 -0.1 -01 -01 -01 -02 -03 -01 -01 -01 -01 -02 00 00 -01 -01 02 02 02 04 04 05 05 04 02 03 03 03 01 00 00 01 00
Female -03 -03 -0.1 -02 -03 -04 -02 -02 -02 -02 -02 -02 -01 -02 -03 -0.1 -01 -01 -01 -01 00 00 01 01 02 03 04 05 05 06 0.6 0.6 05 04 04 03 00 02 02 04 04
Non- overall =02 -01 -01 =02 -0.1 -01 01 02 02 00 01 02 02 -02 -03 =02 00 01 00 -01 -01 00 -01 -02 01 0.1 01 0.1 02 04 04 01 01 02 03 03 02 03 03 01 =02
psychiatric Male -02 -01 -01 -02 -01 -01 01 02 02 -01 01 02 02 -02 -03 -02 00 01 00 -0.1 -0.1 00 -01 -02 0.1 01 01 01 01 04 03 01 01 01 03 03 03 03 03 01 -02
beds Female =02 00 00 -0.1 00 -01 01 03 02 01 02 04 04 00 -01 00 01 -01 -01 -02 -02 -0.1 -02 -02 01 02 02 03 03 0.6 0.6 04 04 03 03 02 00 00 -0.1 -03 —0.5
Mental ilness  Overall -0.1 -02 -0.1 -01 -01 -0.1 00 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 =02 -0.2 -0.1 00 -0.1 -0.1 -02 -0.1 00 -0.1 -0.1 0.1 02 0.1 03 03 03 04 03 02 03 02 01 00 00 -01 01 01
beds Male -01 -02 -01 -01 -01 -01 00 00 00 -01 -01 -01 -01 -02 -02 -01 00 -01 -01 -02 -01 00 -01 -0.1 01 0.1 01 02 03 03 03 03 01 03 02 01 00 00 -01 01 0.1
Female -03 -03 -02 -03 -0.4 -0.4 -03 -02 -02 -03 -03 -02 -02 -02 -03 -02 -01 -01 -01 -02 -01 00 00 00 01 02 03 04 04 05 05 0.6 04 04 03 02 00 -01 -02 -03 -0.3
Intellectual overall =01 =01 00 00 -02 -02 -01 -0.1 -0.1 -01 -01 -0.1 -01 -02 -02 -01 -02 -01 00 -01 01 00 00 -01 02 02 02 04 04 05 05 04 02 02 03 03 02 01 01 00 -0.1
disability ~Male -01 -01 00 00 -02 -02 -0.1 -0.1 -0.1 -0.1 -0.1 -01 -0.1 -02 -02 -01 -02 -01 00 -01 01 00 00 -01 01 02 02 04 04 05 05 03 02 02 02 03 02 01 01 01 00
beds Female -02 -01 00 00 -01 -01 -01 -01 -01 -01 00 00 00 -01 -01 -01 00 00 01 01 02 02 02 010304 04050506 06 05 04 03 04 03 00 -01 -01 03 -03

Data are for psychiatric beds and non-psychiatric beds. Psychiatric beds are further divided into mental illness and intellectual disability. For each type of NHS bed, associations are shown with the change in the overall prison population, the male prison population and the
female prison population. NHS, National Health Service.

Bolding refers to a significant association at the P < 0.002 significance level.
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Table 3:

Psychiatric bed numbers and the prison population

Regression models 1 (using annual change in prison population at t + 10 years as the dependent variable and annual reduction in psychiatric and

non-psychiatric as explanatory variables) and 2 (using annual change in the prison population at t + 10 years as the dependent variable and annual

reduction in mental illness, learning disability, and non-psychiatric beds as explanatory variables).

Model 1
Total prison population Male prison population Female prison population
(R?=0.28) (R?=0.26) (R? =0.46)
B s.e. t P-value B s.e. t P-value B s.e. t P-value
(Constant) -2.22 0.96 -2.32 0.03 -1.92 091 =211 0.04 -0.29 0.07 -4.10 0.00
Psychiatric 0.36 0.12 3.00 0.00 0.33 0.12 2.89 0.01 0.03 0.01 3.30 0.00
Non-psychiatric 0.07 0.13 0.52 0.61 0.05 0.12 0.38 0.71 0.02 0.01 212 0.04
Model 2
Total prison population Male prison population Female prison population
(R*=0.31) (R*=0.29) (R*=0.46)
B s.e. t P-value B s.e. t P-value B s.e. t P-value
(Constant) -1.63 1.04 -1.57 0.12 -1.34 0.99 -1.36 0.18 -0.29 0.08 -3.62 0.00
Mental illness 0.20 0.17 1.22 0.23 0.17 0.16 1.10 0.28 0.03 0.01 2.26 0.03
Learning disability 0.64 0.23 276 0.01 0.61 0.22 276 0.09 0.03 0.02 1.81 0.08
Non-psychiatric 0.01 0.13 0.04 0.97 -0.01 0.12 -0.11 0.91 0.02 0.01 1.95 0.06

reduction of psychiatric beds was more strongly associated with the
increase in the female prison population.

Recent research'” has suggested that for some with less severe
intellectual disability, or within the borderline intellectual function-
ing category, the move from hospital to the community may have
led some to come into contact with the criminal justice system,
where (before bed closures) these risks had previously been
managed in hospital under mental health legislation."* Previous
experience in New Zealand found that removing intellectual disabil-
ity from mental health legislation led to concerns that more offen-
ders with intellectual disabilities ended up in prison, meaning that
new legislation was required.'® It remains to be seen whether the
UK Department of Health’s Transforming Care Policy of further
closures of the few remaining NHS intellectual disability in-
patient units has had an impact on offenders with intellectual dis-
ability and access to appropriate treatment in hospital.'®

Model 1 suggests that for every 100 psychiatric beds that were
closed, the average annual increase in the number of prisoners 10
years later was 36. It is worth considering that although the rates
of mental disorders described in previous research are high (e.g.,
one in seven prisoners had major depression or psychosis), these
rates do not appear to have increased substantially over the study
period.'” Based on the results of this previous research, it is ques-
tionable whether psychiatric hospital bed closures directly influ-
enced an increase the prison population in the way that our
results suggest, which may weaken our support for the Penrose
hypothesis.

Although the regression model eliminated the effects of non-
psychiatric bed reduction on the increase in the prison population,
the collinearity between the two variables (change in psychiatric and
non-psychiatric beds) is a limitation that should be considered
when interpreting these findings. However, the results of analyses,
in which we have controlled for secular changes in the provision
of in-patient hospital care in general, supported the view that
there was an independent association between the annual change
in psychiatric bed numbers and future (time-lagged) changes in
the size of the prison population.

Model 2 suggests that the effect size of closing intellectual dis-
ability beds was much greater than the effect of closing mental
illness beds on the number of prisoners 10 years later: there were
64 additional prisoners for every 100 intellectual disability bed clo-
sures compared with 20 additional prisoners for every 100 mental
illness bed closures. If correct, this would suggest that there may
be high rates of intellectual disability within the male prison
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population. This has been previously identified,'® but there is a
lack of consensus within the research literature regarding the chan-
ging numbers of people with an intellectual disability in prison. A
recent meta-analysis reported intellectual disability prevalence
rates in prison between 1 and 70%,'® reflecting a wide variety of
methodologies used to attempt these prevalence estimates.” If the
most modest estimates are true, then it may not follow that intellec-
tual disability bed closures had a large impact on the prison popu-
lation 10 years later. However, the poor quality of existing evidence
means it is impossible to have certainty without robust contempor-
aneous estimates of prevalence.

There were noteworthy differences according to gender. For
example, in model 1, for every 100 psychiatric beds closed the
model predicts three more female prisoners on average 10 years
later, compared with 33 more male prisoners (a ratio of 11:1). In
1960, the male:female prisoner ratio was close to 30:1; by 2018,
this was 20:1. One interpretation is that the closure of hospital
beds had a greater impact on the female prison population and
was the reason why female prisoners made up an increasing propor-
tion of the total prison population over time.

Data are not available on the number of male and female psychi-
atric in-patients throughout the study period, but there is evidence
that since the move to treatment in the community for mental
health disorders, there has been an increase in the proportion of
male in-patients in psychiatric services. This aligned with another
observation made by Penrose: in places where there were fewer psy-
chiatric patients, the gender split of psychiatric in-patients more
closely resembled that found in prisons. What we observed was
that as the prison population increased, it became more similar to
the psychiatric in-patient population with regard to gender. In
model 2, the reduction in mental illness beds explained the most
variance in the female prison population 10 years later. This was
in line with previous research that identified a higher prevalence
of mental illness in the female prison population compared with
the male prison population.”’** We also found a trend for the
reduction in intellectual disability beds and non-psychiatric beds
to be associated with the increase in the female prison population.

Limitations and future research direction

Arguably, this was an ‘alternative’ test of the Penrose hypothesis, as
the number of psychiatric beds was used as a proxy measure of the
number of in-patients; this was a limitation of the study, as Penrose
used the actual number of in-patients. The number of patients
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admitted into a bed each year may have changed during the time
period because of the length of stay getting shorter,® but these
data were not available for each bed type for the years 1960 to
2018-2019. Further, we were unable to consider the effect of
readmissions: although there may be more total admissions with a
shorter length of stay, we could not simply say that therefore
more patients are admitted because a proportion would have
likely been repeated admissions of the same patients. Should such
data become available, future research should account for this to
more accurately measure the number of patients, similar to the ori-
ginal Penrose study. However, the key message remained - there
was still an association between the number of hospital beds and
the prison population. This suggested that there were effects of
reducing bed numbers that went beyond simply how many patients
could be accommodated: fewer beds may have caused longer waits
and delays to admission, which may have resulted in pressure on the
criminal justice system and instigated increases in the prison popu-
lation, as a subset of those who may have been admitted to hospital
may now be imprisoned as a result of the lack of NHS beds.

A proportion of NHS-funded psychiatric in-patient care is pro-
vided by privately run hospitals. This increased during the study
period, especially in later years of the study.** Data on private psy-
chiatric beds, including nursing homes and 24-hour care facilities,
were not included because this information was not routinely col-
lected by the UK Government. Additionally, prior research’ has
considered the influence of economic factors on the Penrose
hypothesis, but economic data were not included in this research.
However, the 58 years studied contained both periods of recession
and growth in the UK economy. Recessions occurred in the mid-
1970s, the early 1980s, the early 1990s and in 2008. Despite this,
we found that the association held across the study period.

Furthermore, although England has differential socioeconomic
statuses between areas, the association was still observed in England;
this is despite previous research finding that the Penrose hypothesis
did not hold true in countries of varying socioeconomic status.*”
Data was not available on psychiatric bed numbers by region
across the study period, and prisoners are often placed in prison
at some distance from their home, making it more complicated to
research this effect at a regional level. Future research could inves-
tigate the Penrose hypothesis by using multi-level analysis in the
context of area-level socioeconomic deprivation.

Moreover, the many potential confounders with known effects
on the prison population (including rates of homelessness and
crime, population drug use, the increase in secure hospital beds
and the rate of people under the care of community mental health
services) were not accounted for in the data analysis as they were
not available for each individual year of study. The absence of these
data may have biased our findings away from the null. Future
research utilising population-level data may be useful to account
for these confounders. At present, the study highlights the correlation
between psychiatric bed numbers and prisoner numbers, and the
associations according to gender and bed type. These correlations
and models should be tested in future research in light of other popu-
lation-level confounders, such as drug use and crime rates.

Strengths

By calculating population-adjusted numbers per 100 000, the
changes in the population of England have been accounted for,
which allowed for more robust comparisons between years.
Additionally, longitudinal data were essential to determine direct
associations between variables. This provides a greater amount of
confidence in the conclusions of this research. The extended time
period used is a strength when compared with previous research;
to our knowledge, this is the longest time period of consecutive
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years studied for the Penrose hypothesis. Finally, our research incor-
porates novel additions to the study of the Penrose hypothesis, as it
analysed non-psychiatric beds and separately investigated the male
and female prison populations in relation to NHS beds.

In conclusion, there was a very strong inverse relationship
between NHS bed numbers and the prison population between
1960 and 2018-2019 in England. This association was specific for
psychiatric beds, and was strongest at a time lag of 10 years.
Therefore, the Penrose hypothesis held true in England, but the
association occurs at a lag of a number of years, something that
was not considered in previous research nor the original 1939
hypothesis. The reason for this lag of 10 years needs further
research. We also found evidence that the association differed
according to gender and psychiatric bed type (mental illness and
intellectual disability).
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