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There is evidence that mortality rates are highest in areas that
are experiencing population decline, and researchers have
recommended that this should be accounted for in health
resource allocation. This research finds a significant negative
association between population change and mortality for
small areas in Scotland, which remains when low social class
is accounted for. However, this relation disappears when the
area deprivation is accounted for. It is suggested that it is
more important to account for deprivation than population
change in health resource allocation.

R

esearch into the association between mortality and
population change has a long history,1 but more recently
Davey Smith et al2 examined the relation between
population change (1971–91) and mortality (1990–92) for
292 county boroughs and urban and rural remainders of
counties in Britain. Standardised mortality ratios (SMRs) for
all cause mortality were highest in those boroughs experiencing the greatest population decline. Subsequent studies
confirmed this negative relation for most causes of death3
and in other European countries.4 5 Davey Smith et al2 suggest
that because ‘‘resources are allocated largely according to
population size, and local and health authority budgets have
therefore fallen most in these shrinking areas over time’’
(page 1440), resource allocation should be changed to reflect
this inequity.
In the studies above, attempts were made to account for
socioeconomic circumstances. For example, Davey Smith et
al2 3 controlled for the proportion of the population in each
county borough in social classes IV or V or with unclassified
social class using partial correlations and, although this
weakened the population change/mortality relation, the
change was small and the broad conclusions remained
unchanged.
These British studies used quite large geographical areas
in their analysis, within which the range of socioeconomic
variation is likely to be large, therefore masking more
subtle local variations in socioeconomic circumstances.
Also, while low social class is one measure that can be
used to control for socioeconomic circumstances, a more
common approach, in British studies especially, is to use a
deprivation score. It is therefore possible that variations in
population change and socioeconomic circumstances have
not been controlled for adequately. In this analysis we
compare the relation between population change (1981–
2001) and mortality (1999–2001) for small geographical
areas in Scotland, controlling separately for the proportion
of the economically active population belonging to low
social class and the deprivation circumstances of these
areas.
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DATA AND METHODS
Mortality data for 1999–2001 were obtained from the General
Register Office for Scotland (GROS) from which we
calculated indirectly SMRs. The national 2001 census
population was used as the base population. The deaths
were distributed among 10 057 newly defined geographical
areas in Scotland, designed to be consistent through time. In
2001, the total populations for these consistent areas through
time (CATTs), ranged from 50 to 18 510, with an average
population of 503, and a standard deviation of 831. They
allow data from the 1981, 1991, and 2001 censuses to be
compared reliably.6
We calculated population change between the 1981 and
2001 censuses; there is evidence that the population
denominators from the 1981 and 2001 censuses are more
reliable than for 1991.7 8 We also required measures of low
social class and deprivation for these areas. The Office for
National Statistics (ONS) replaced the social class measure
used in the previous British studies2 3 with the National
Statistics Socio-Economic Classification (NS-SEC) in 2000.
We approximated the proportion of the economically active
population belonging to social classes IV, V, or unclassified in
the CATTs from the 2001 census, using the methodology
recommended by the ONS.9 Carstairs deprivation scores were
also calculated for CATTs based on 2001 census data.
The CATTs were then aggregated into two sets of
population weighted quintiles (each quintile contained about
one million people) based, firstly, on the proportion of
economically active people in a low social class and, secondly,
on the deprivation score. Within each quintile, the CATTs
were then divided into three categories: ‘‘declining areas’’
experiencing at least 10% population reduction between 1981
and 2001; ‘‘growing areas’’ experiencing at least 10%
population increase between 1981 and 2001; and ‘‘stable
areas’’ that fell in between. SMRs were then calculated for
these three categories nationally, for all 15 of the population
change/low social class categories and all 15 of the population
change/deprivation categories, allowing the SMRs to be
compared across these groups.

What this study adds

N
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A negative relation exists between mortality and
population change for small areas in Scotland, which
remains broadly consistent when low social class is
accounted for.
However, the relation between mortality and population change disappears when deprivation circumstances are accounted for.

Abbreviations: SMR, standardised mortality ratio; CATT, consistent
areas through time
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Because the SMR based analyses did not control statistically for social class or deprivation, we also modelled the
relation between population change and mortality for the
10 057 CATTs. Poisson regression was used to test whether
the negative relation between mortality and population
change remained after controlling separately for the proportion of the economically active population who were in a low
social class, and deprivation. The count of all deaths in each
CATT was the dependent variable and the percentage
population change between 1981 and 2001, the proportion
of the economically active population in low social class, and
the Carstairs deprivation score were used as explanatory
variables. The log of the expected deaths in each CATT was
included as an offset.

Policy implications
Our results suggest that deprivation circumstances, rather
than population change, should continue to be prioritised in
the allocation of health resources.

RESULTS AND DISCUSSION
As expected, there was a negative relation between population change and mortality (first block of three columns,
fig 1A). The SMR for declining areas was significantly higher
than both stable areas and growing areas, although the SMR
for stable areas was not significantly different to the SMR for
areas that experienced population growth.
The remaining 15 columns of figure 1A showed a mortality
gradient with SMRs highest in the CATTs with a high
proportion of economically active people in social class IV, V,
or unclassified. Note, also, that the population change
gradient remained reasonably consistent across the social
class quintiles, except in quintile 2. These results broadly
confirm the earlier findings of Davey Smith et al.2 3
However, when we compared the SMRs for the 15
population change/deprivation categories, the population
change gradient disappeared. The SMRs for the declining
areas were not significantly different to the SMRs for growth
areas, except in quintile 4 where the SMR for declining areas
was actually lower than the SMR for growth areas (fig 1B).
These relations were examined statistically using Poisson
regression (table 1). Model 1 provides the log likelihood
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Figure 1 Mortality (1999–2001) by
population change category and (A)
low social class quintile, and (B)
deprivation quintile.
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Modelling results
Log likelihood

Model 1
Intercept
Model 2
Population change
Intercept
Model 3
% Low social class
Intercept
Model 4
Deprivation
Intercept
Model 5
Population change
% Low social class
Intercept
Model 6
Population change
Deprivation
Intercept

Standard error

p Value

0.0002913

0.0023979

0.903

20.0010804
0.0137462

0.0000496
0.0024596

0.000
0.000

0.0163886
20.235846

0.0003926
0.0062537

0.000
0.000

0.534964
20.0031818

0.000752
0.0024103

0.000
0.187

20.0005274
0.0150144
20.20945

0.0000492
0.0004116
0.0066867

0.000
0.000
0.000

0.0000488
0.0537913
20.0038136

0.0000492
0.0008024
0.0024843

0.291
0.000
0.125

235900.276

235297.831

233740.285

235236.966

233739.731

measure of fit for the null model, which only includes a
constant. The percentage population change between 1981
and 2001 was negatively and significantly associated with
deaths from all causes in 1999–2001 (model 2, table 1). The
proportion of the population in low social class was positively
and significantly associated with mortality (model 3, table 1),
as was the Carstairs index of deprivation (model 4, table 1).
With a reduction in the log likelihood of 2243.6, the
deprivation score had greater explanatory power than either
population change (236.6) or low social class (866.1).
Model 5 provides the relation between population change
and mortality, controlling for low social class. The population
change variable remained negative and significant, while low
social class also remained positively and significantly
associated with mortality.
However, when we modelled population change and
mortality, controlling for deprivation (model 6, table 1), the
coefficient for the population change variable became
insignificant. Deprivation remained significantly and positively associated with mortality.
These results suggest that the relation between population
change and mortality in Scotland at this scale of analysis is
an artefact of the relation between area deprivation and
mortality. Areas of population decline are disproportionately
drawn from areas of high deprivation. The population change
gradient remains after controlling for social class, but
disappears once deprivation is controlled for. We suggest
that it is more important to account for deprivation than
population change in health resource allocation, although it
is important to acknowledge the unique health care
circumstances in areas where the population is declining.
Deprivation is already accounted for in health care funding in
Scotland, although it is debateable whether the weighting
given to this factor is adequate; recent suggested changes to
the Arbuthnott formula10 showed that unmet need should
also be accounted for, and this is likely to be substantially
higher in more deprived areas.
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Parameter estimate
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