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Abstract
Background: It has been proposed that greater availability of primary medical care practitioners
(GPs) contributes to better population health. We evaluated whether measures of the supply and
structure of primary medical services are associated with health and health care indicators after
adjusting for confounding.

Methods: Data for the supply and structure of primary medical services and the characteristics of
registered patients were analysed for 99 health authorities in England in 1999. Health and health
care indicators as dependent variables included standardised mortality ratios (SMR), standardised
hospital admission rates, and conceptions under the age of 18 years. Linear regression analyses
were adjusted for Townsend score, proportion of ethnic minorities and proportion of social class
IV/ V.

Results: Higher proportions of registered rural patients and patients ≥ 75 years were associated
with lower Townsend deprivation scores, with larger partnership sizes and with better health
outcomes. A unit increase in partnership size was associated with a 4.2 (95% confidence interval
1.7 to 6.7) unit decrease in SMR for all-cause mortality at 15–64 years (P = 0.001). A 10% increase
in single-handed practices was associated with a 1.5 (0.2 to 2.9) unit increase in SMR (P = 0.027).
After additional adjustment for percent of rural and elderly patients, partnership size and
proportion of single-handed practices, GP supply was not associated with SMR (-2.8, -6.9 to 1.3, P
= 0.183).

Conclusions: After adjusting for confounding with health needs of populations, mortality is weakly
associated with the degree of organisation of practices as represented by the partnership size but
not with the supply of GPs.

Background
In 1971 Tudor Hart described what he termed the 'inverse

care law' which stated that 'the availability of good medi-
cal care tends to vary inversely with the need for it in the
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population served' [1]. Deprived areas with worse health
have fewer general practitioners[2] (GPs), and general
practices in these areas tend to be less well organised,
offering fewer services[3], giving shorter consultation
times [4], and perhaps providing lower quality care).)[5].
Recent policies for the allocation of health care resources
in the NHS, and for the contractual arrangements for GPs
have attempted to redress some of these inequalities in
order to promote equity in access to primary care.

Similar inequalities in the availability of primary medical
care have also been reported in the US literature. Shi and
colleagues [6,7] found that states with fewer primary care
doctors had higher mortality, even after adjusting for
income inequality and smoking as socio-economic influ-
ences on health. They argued that better access to primary
medical care might lead to improved health status and
reduced socio-economic inequalities in health. In their
analyses, population health indicators were viewed, not as
measures of health care need as has generally been the
case in the English literature, but as measures of health
care outcome. Under this interpretation, investment in
primary care is viewed as a route to achieving equity in
health.

We recently reported the results of analyses[8] which
aimed to replicate the models of Shi et al [6,7] in an Eng-
lish context. The results were obtained from an ecological
study of data for 99 health authorities in England in 1999.
In order to allow for variations in the socio-economic con-
ditions of different areas, we adjusted for Townsend dep-
rivation score, the proportion of the population in social
classes IV and V and the proportion of ethnic minorities.
In these analyses, each unit increase in the supply of gen-
eral practitioners per 10,000 population was associated
with a 5.2 unit (95% confidence interval 2.0 to 8.3, P =
0.002) decrease in the standardised mortality ratio for all
cause mortality at ages 15 to 64 years[8]. Since adjustment
for variations in health need associated with socio-eco-
nomic inequality might be incomplete, we additionally
adjusted for the proportion of the population with limit-
ing long term illness; the association between GP supply
and mortality was then attenuated (mean difference -3.3,
-6.7 to 0.1, P = 0.060). Pereira Gray[9] criticised our inter-
pretation, arguing that the proportion of the population
with limiting long term illness can be regarded as one of
the outcomes of primary medical care, and also part of the
causal pathway linking primary medical care and mortal-
ity. In his view, the analyses provided convincing evidence
that better access to primary care contributes to improved
health outcomes[9]. This debate is reflected in the English
Department of Health's recent choice of an indicator of
access to primary care, the number of primary care profes-
sionals per 100,000 population, as one of 12 headline

indicators for its strategy on addressing inequalities in
health[10].

The association of general practitioner supply with health
measures might be explained by confounding in several
ways. There may be residual confounding with popula-
tion characteristics even after adjustment for Townsend
score, social class and ethnicity. The supply of GPs might
be confounded with other aspects of the structure and
functioning of primary care services such as the number of
partners in a practice or the types of services offered.
Finally, there may also be confounding with access to
other services such as the availability of hospital services.
Further insights into these relationships may be obtained
by exploring the relationships between a wider range of
characteristics of primary medical services and population
health indicators and measures of health service utilisa-
tion. A key question concerns whether the relationship
between primary care access and mortality is more
strongly associated with the services provided by practices
or with the characteristics of populations registered with
practices. This paper therefore presents results of analyses
which aimed to determine how different primary medical
services access variables were associated with population
health indicators and measures of health service utilisa-
tion after adjusting for socio-economic deprivation. Indi-
cators included measures both of the supply of primary
medical services, including the structure of general prac-
tices and the types of services offered, and the socio-demo-
graphic characteristics of registered populations.

Methods
Data for the 99 health authorities in England in 1999 were
obtained from the English Department of Health's statis-
tical publications[11,12] and from the National Database
for Primary Care Groups and Trusts developed by the
National Primary Care Research and Development Centre
in Manchester [13]. We obtained data for six population
health and health service indicators including the stand-
ardised mortality ratio (SMR) for all-cause mortality at
ages 15 to 64 years, the SMR for acute myocardial infarc-
tion at 35 to 64 years, the SMR for avoidable mortality
[14], standardised hospital emergency admission rates per
100,000 for acute conditions (infections of the ears, nose
and throat, or kidneys and urinary tract and heart failure)
and chronic conditions (diabetes and asthma), and the
conception rate per 1,000 in women less than 18 years of
age. Comprehensive definitions of these indicators are
provided in relevant publications [11-13]. Hospital
admission rates provide measures of health care utilisa-
tion but may also be viewed as measures of the effective
delivery of primary care when hospital admissions are
considered, as here, to be either preventable or amenable
to effective care in primary settings. The conception rate in
women less than 18 years is considered in the English
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Department of Health's dataset to be an indicator of
'health improvement'; that is, an indicator which may be
influenced by multi-sectoral activities aimed at improving
health.

Primary medical services indicators included the number
of whole time equivalent GPs per 10,000 weighted popu-
lation. In Department of Health indicator datasets the
estimated denominator populations for this indicator are
weighted for need [2,11]. The socio-demographic charac-
teristics of the registered populations were the percent of
rural patients and the percent of patients aged ≥ 75 years.
'Rural' patients are patients who are registered with a prac-
tice but reside more than three miles from a practice. The
structure of services was measured in terms of the mean
partnership size, the proportion of single-handed prac-
tices (a special case of the partnership size), the propor-
tion of GPs aged ≥ 61 years and the proportion of practices
with a female GP. The types of services were measured in
terms of the proportion of practices with services for dia-
betes, child health surveillance or contraception (for any
patient).

The association of population health measures with pri-
mary medical services indicators were evaluated using
multiple linear regression with observations weighted for
health authority population size. In initial analyses, we
explored the relationship between primary care measures
and outcomes after adjusting for confounders. These were
the Townsend deprivation score (an index of deprivation
based on census-derived data for unemployment, housing
tenure, overcrowding and car ownership), the proportion
in social class IV and V, and the proportion in households
headed by persons born in the New Commonwealth as a
measure of the proportion of ethnic minorities. In the
next stage of the analysis, we included additionally all
explanatory variables which were consistently associated
with outcomes. This model included adjustment for
Townsend score, social class, ethnic group, proportion of
rural patients, proportion of patients ≥ 75 years, the sup-
ply of GPs, the partnership size and the proportion of sin-
gle handed practices. This approach was preferred to a
stepwise elimination from all candidate variables because
the latter led to different models for each outcome, and
because confounders may be important even when they
do not yield statistically significant associations.

Results
The independent associations of the standardised mortal-
ity ratio for all-cause mortality at ages 15 to 64 years with
deprivation and general practitioner supply are shown in
Table 1, using the Townsend score as the primary measure
of deprivation. The mean SMR increased with increasing
deprivation tertile but within each deprivation tertile,
mortality declined with increasing GP supply tertile. There

was no evidence for an interaction between Townsend
score and GP supply (P = 0.832). In the least deprived ter-
tile there were no health authorities with the lowest level
of GP supply.

The distributions of primary medical services indicators
are shown in Table 2. Inspection of the correlation coeffi-
cients reveals that the GP supply was greater where there
was a high proportion of rural patients. There was a posi-
tive association between GP supply and both partnership
size and proportion of female GPs. The proportion of sin-
gle-handed practices, and of GPs older than sixty, was
lower where the GP supply was high. Provision of specific
services for diabetes or for contraception was greater when
the GP supply was higher. Higher Townsend scores, indi-
cating greater deprivation, were associated with lower pro-
portions of older or rural patients. High Townsend scores
were also associated with lower supply of GPs, a greater
frequency of single-handed practices, more older doctors,
fewer female GPs, and lower provision of specific services.

In these analyses (Tables 3 and 4), after adjusting for dep-
rivation, social class and ethnicity, a higher supply of GPs
was associated with lower mortality, lower hospital utili-
sation and lower rates of teenage conceptions as reported
previously[8]. The socio-demographic characteristics of
the populations registered with practices were strongly
associated with each of the population health measures.
Health authorities with a high proportion of rural patients
registered with their practices had more favourable values
for each of the measures of population health or health
service utilisation. The proportion of registered patients
aged 75 years or over, was associated generally with lower
values for the health indicators although conventional
levels of statistical significance were not reached for mor-
tality from acute myocardial infarction or hospital admis-
sions for chronic conditions. Note that each of the
population health measures was either standardised or
stratified for age. When the association of GP supply and
all cause mortality SMR was adjusted for percent of rural
patients and percent of registered patients ≥ 75 years, as
well as Townsend score, social class and ethnicity, the
coefficient was reduced to -3.7 (-7.2 to -0.2, P = 0.036).

Health authorities where general practices had more part-
ners had consistently lower values for population health
measures (Tables 3 and 4). The proportions of single-
handed practices, GPs older than sixty, or practices with
female partners, were strongly associated with patterns of
emergency hospital utilisation but only weakly or not
associated with mortality or the proportion of teenage
conceptions. In general the availability of services for dia-
betes or child health surveillance was not associated with
outcome measures. The provision of contraceptive serv-
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ices was associated with reduced hospital utilisation but
not with teenage conceptions.

In the next stage of analysis, we evaluated the independ-
ent associations of the variables included in Tables 3 and
4. Since the types of services were generally not associated
with outcome measures, these were excluded. The propor-
tions of GPs aged ≥ 61 years and the proportion of female
GPs were also excluded because they were not associated
with mortality indicators. This final model therefore
included the Townsend score, proportion in social class
IV/V, proportion of ethnic minorities, proportions of rural
patients and patients aged ≥ 75 years as confounders. The

GP supply, the mean partnership size and proportion of
single-handed practices were included as primary care
indicators. Coefficients obtained for each outcome meas-
ure from these models are shown in Table 5. In this
model, the GP supply was not associated with mortality
indicators, only weakly associated with hospital utilisa-
tion for acute and chronic conditions and was associated
with teenage conceptions. The partnership size, and the
proportion of single-handed practices were associated
with all-cause mortality and more strongly with avoidable
mortality. The partnership size but not the proportion of
single-handed practices was associated with myocardial
infarction mortality. The partnership size and the propor-

Table 1: Standardised mortality ratio for all-cause mortality at ages 15 to 64 years according to tertiles of deprivation and general 
practitioner supply.

GP SUPPLY TERTILE TOWNSEND SCORE TERTILE
Least deprived Middle Most deprived

N Mean SMR (95% CI) N Mean SMR (95% CI) N Mean SMR (95% CI)

Fewest GPs 0 - 15 96 (90 to 102) 18 112 (106 to 119)
Middle 11 80 (76 to 84) 12 88 (82 to 93) 10 100 (93 to 107)
Most GPs 22 76 (74 to 78) 6 85 (71 to 99) 5 96 (76 to 115)

CI, confidence interval; GP, general practitioner; N, number of health authorities; SMR, standardised mortality ratio for all-cause mortality at ages 
15–64 years Note: 1993 was used as reference to calculate SMR

Table 2: Indicators of structure and distribution of primary medical services and their correlations with GP supply, deprivation and 
mortality.

Median (interquartile 
range)

Correlation with:

GP supplya,b Townsend scorea,b All-cause mortalitya,b,c

Supply of services
GP supply (wte per 10,000 weighted 
population)

5.8 (5.2 to 6.3) - -0.47 -0.68

Characteristics of registered patients
Rural patients (%) 4.82 (0.23 to 14.19) 0.38 -0.59 -0.48
Patients ≥ 75 years (%) 7.27 (6.53 to 7.86) 0.10 -0.48 -0.41
Structure of services
Mean partnership size (partners) 3.07 (2.47 to 3.82) 0.53 -0.65 -0.57
Single handed practices (%) 30 (16 to 40) -0.49 0.61 0.50
GPs aged ≥ 61 years (%) 4 (3 to 8) -0.30 0.60 0.41
Practices with a female GP (%) 62 (53 to 73) 0.68 -0.49 -0.52
Type of services
Per cent of practices with:
Diabetes services 94 (90 to 98) 0.25 -0.51 -0.33
Child health surveillance services 93 (88 to 98) 0.13 -0.52 -0.35
Contraceptive services 95 (91 to 98) 0.37 -0.50 -0.44

a figures are correlation coefficients b based on 99 observations, a correlation coefficient >0.33 gives a P value <0.001, and >0.20 gives P < 0.05, in a 
two tailed test c standardised mortality ratio for all cause mortality at ages 15 to 64 years GP, general practitioner; IQR, interquartile range; wte, 
whole time equivalent
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Table 3: Associations of characteristics of primary medical services with population health measures. Analyses were adjusted for 
Townsend deprivation score, proportion in social class IV and V, and proportion in households with head born in New Commonwealth.

All-cause mortality 15–64 years (SMR) Acute MI mortality (SMR) Avoidable mortality (SMR)

Coefficienta (95% CI) P value Coefficienta (95% CI) P value Coefficienta (95% CI) P value

Supply of services
GP supply (wte per 10,000 
weighed population)

-5.2 (-8.3 to -2.0) 0.002 -10.3 (-19.3 to -1.25) 0.026 -5.3 (-9.7 to -0.8) 0.022

Characteristics of registered 
patients
Rural patients (%) -0.36(-0.56 to -0.16) 0.001 -1.17(-1.71 to -0.62) <0.001 -0.60(-0.86 to -0.33) <0.001
Patients ≥ 75 years (%) -1.72(-2.94 to -0.49) 0.006 -3.03 (-6.52 to 0.46) 0.088 -2.63 (-4.31 to -0.95) 0.003
Structure of Services
Mean partnership size (partners) -4.2 (-6.7 to -1.7) 0.001 -12.2 (-19.1 to -5.2) 0.001 -3.9 (-7.5 to -0.3) 0.032
Single handed practices (10% 
increase)

1.5 (0.2 to 2.9) 0.027 5.0(1.3 to 8.8) 0.010 1.0 (-0.9 to 2.9) 0.304

GPs aged ≥ 61 years (10% 
increase)

3.7 (-1.9 to 9.3) 0.197 12.0(-3.6 to 27.6) 0.129 6.4 (-1.3 to 14.2) 0.102

Practices with a female GP (10% 
increase)

-1.1 (-2.4 to 0.2) 0.109 -2.1 (-5.8 to 1.5) 0.250 -0.4 (-2.2 to 1.4) 0.681

Type of Services
Diabetes services (10% increase) 0.1(-3.2 to 3.4) 0.938 -5.6(-14.7 to 3.6) 0.230 -1.3(-5.9 to 3.2) 0.564
Child health surveillance services 
(10% increase)

-1.5 (-4.2 to 1.1) 0.260 -6.3 (-13.6 to 1.1) 0.093 -0.4 (-4.1 to 3.3) 0.831

Contraceptive services (10% 
increase)

-2.9(-7.2 to 1.4) 0.181 -6.6 (-18.5 to 5.4) 0.277 -7.1 (-12.9 to -1.3) 0.017

acoefficients represent the mean difference in outcome variable per unit increase in the explanatory variable CI, confidence interval; GP, general 
practitioner; SMR, standardised mortality ratio; wte, whole time equivalent

Table 4: Associations of characteristics of primary medical services with health care indicators. Analyses were adjusted for Townsend 
deprivation score, proportion in social class IV and V, and proportion in households with head born in New Commonwealth.

Hospital admissions Acute 
(per 100,000)

Hospital admissions Chronic 
(per 100,000)

Conceptions <18 years (per 
1000)

Coefficienta (95% CI) P value Coefficienta (95% CI) P value Coefficienta (95% CI) P value

Supply of services
GP supply (wte per 10,000 weighed 
population)

-15.3 (-21.6 to -9.0) <0.001 -12.0 (-18.0 to -6.1) <0.001 -6.2 (-8.5 to -4.0) <0.001

Characteristics of registered patients
Rural patients (%) -1.09 (-1.48 to -0.70) <0.001 -0.62 (-1.01 to -0.23) 0.002 -0.30 (-0.45 to -0.14) <0.001
Patients ≥ 75 years (%) -3.98 (-6.55 to -1.42) 0.003 -1.91 (-4.34 to 0.52) 0.121 -1.05 (-2.03 to -0.07) 0.036
Structure of Services
Mean partnership size (partners) -10.9 (-16.1 to -5.8) <0.001 -8.8 (-13.6 to -4.0) <0.001 -2.6 (-4.7 to -0.6) 0.011
Single handed practices (10% increase) 5.5 (2.8 to 8.3) <0.001 4.3 (1.7 to 6.9) 0.001 1.1 (0.1 to 2.2) 0.037
GPs aged ≥ 61 years (10% increase) 19.2 (7.9 to 30.5) 0.001 15.5 (5.1 to 26.0) 0.004 3.9(-0.5 to 8.3) 0.081
Practices with a female GP (10% 
increase)

-5.0 (-7.6 to -2.4) <0.001 -4.2 (-6.6 to -1.8) 0.001 -1.2 (-2.2 to -0.2) 0.018

Type of Services
Diabetes services (10% increase) -2.3 (-9.3 to 4.6) 0.507 -4.5 (-10.8 to 1.9) 0.164 -1.3 (-3.9 to 1.3) 0.330
Child health surveillance services (10% 
increase)

-4.6 (-10.1 to 1.0) 0.107 -3.0 (-1.8 to 2.1) 0.250 0.9 (-1.2 to 3.0) 0.377

Contraceptive services (10% increase) -13.2 (-21.9 to -4.5) 0.003 -8.7 (-16.9 to -0.6) 0.037 -0.7 (4.1 to 2.7) 0.672

acoefficients represent the mean difference in outcome variable per unit increase in the explanatory variable bstandardised for age and sex CI, 
confidence interval; GP, general practitioner
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tion of single handed practices were not associated with
hospital utilisation or teenage conceptions.

Discussion
The supply of GPs is associated with variations in the char-
acteristics of primary medical care services including the
partnership size, the characteristics of the practitioner
including age and gender, the services provided by a prac-
tice, as well as with the socio-demographic characteristics
of the patients registered with practices. Many of these
characteristics of primary medical services are also
associated with socio-economic deprivation in
accordance with the 'inverse care law'. After adjusting for
deprivation, social class and ethnicity, mortality indica-
tors were strongly associated with the sociodemographic
characteristics of registered populations but were less
consistently associated with the characteristics of primary
care services. We first describe the limitations of the study,
and then discuss the interpretation of these findings.

The study has several limitations. First, the data represent
routinely collected administrative data. The census
derived data for deprivation, social class and proportion
of ethnic minorities were collected in 1991 (data from the
2001 census not yet being available) and may not accu-
rately reflect the true position in 1999. The same is true for
the population denominators which were estimated from
the 1991 census returns using well-established methods.
When registered populations are considered, list inflation
represents a further difficulty. The resulting misclassifica-
tion may vary between areas, since deprived urban areas
tend to have more mobile populations and to change in
character more rapidly than stable rural areas. The general
effect of this misclassification will be to reduce the magni-
tude of associations, but where confounders are misclassi-
fied the effect may not be readily predicted. Secondly, the
analysis is ecological and the associations identified can
only be expected to hold at the population level. Differing
conclusions might result if the relationship between
access to primary care and health were studied at the
individual level. Thirdly, the data are cross-sectional and
this makes the assessment of temporality impossible and
possible causal relationships will be difficult to evaluate.
A related problem is that reverse causality may be present,
health may influence the distribution of primary care in
addition to a potential effect of primary care on health.
This problem can potentially be addressed through tech-
niques such as instrumental variables regression which
require a two stage model. 'Primary care' would be speci-
fied in the first stage and then used as a predictor in the
second stage. However, this approach was considered to
be beyond the scope of this analysis. Fourthly, as we have
acknowledged in the Introduction, the problem of resid-
ual confounding may exist. This may be a particular prob-
lem in respect of the relationship between primary and

secondary care. Better GP supply might be associated with
better supply of hospital services. This possibility deserves
further investigation but it is not clear what aspect of hos-
pital supply might be important. For example, distinc-
tions should be made between the availability of acute or
elective care, and access to either public or privately pro-
vided care. However, primary care services appeared to be
better organised in rural areas where geographical accessi-
bility to hospital services may be less.

The relationships between socio-economic deprivation
and health[15,16]).) on the one hand, and socio-eco-
nomic deprivation and supply and structure of primary
medical services[2,17] on the other, have been well docu-
mented. A possible relationship between access to pri-
mary medical services and population health has been
less well investigated. After adjusting for socio-economic
variables, the supply of primary care services is associated
with population health indicators[8]. These associations
might be explained either in terms of residual confound-
ing with deprivation, or in terms of an effect of access to
primary health care on population health. Gravelle and
Sutton[2] note that the former explanation is likely to be
important because general practitioners' decisions about
location may be very sensitive to the quality of amenities
in an area. In cross-sectional data, health measures may be
viewed either as measures of need or outcome, and
neither of the two alternative explanations can be ruled
out. However, the nature of the associations identified
offer some clues.

It was clear that the socio-demographic characteristics of
patients registered with practices in an area were strongly
associated with health measures. Areas where practices
had more registered rural or older patients had better
health after standardising for age. These areas are typically
more affluent than urban areas with more youthful popu-
lations. The coefficient for the association between GP
supply and all-cause mortality was reduced after addition-
ally adjusting for the population socio-demographic vari-
ables. This finding suggests that the association between
primary care access and health outcomes might be
accounted for in terms of residual confounding with pop-
ulation health needs consequent on deprivation, because
it can be anticipated that unmeasured confounders would
also have an important effect. In contrast, the types of
services provided by practices were generally not
associated with population health measures. In particular,
provision of diabetes services was not associated with hos-
pital utilisation for chronic conditions, and provision of
contraceptive services was not associated with teenage
conceptions. However, these findings might be explained
by the generally high levels of provision of these services
(see Table 2). Baker and Hann[18], using PCG level data,
found that services for diabetes and asthma were widely
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available. Variations in provision were not associated with
an index of population need based on the Jarman score.
Instead, there were geographical variations in provision,
with the London region having lower coverage.

Our findings are generally consistent with Tudor Hart's
'inverse care law'. The strong associations between the
socio-demographic characteristics of registered popula-
tions and mortality, and the lack of consistency or specif-
icity in associations with the structure of primary care
services suggest that residual confounding with wider
socio-economic influences on health may be important.
There is generally stronger evidence that better supply of
general practice services is associated with altered patterns
of emergency hospital utilisation, as has been noted by
other authors [19,20].

Following the work of McKeown[21], it is widely appreci-
ated that medical care is a relatively weak influence on
population health. Thus the Independent Inquiry into
Inequalities in Health[15] made its major recommenda-
tions in respect of wider socio-economic and environ-
mental influences on health including income, education,
employment, housing, transport and nutrition rather
than the organisation of health services. The immediate
rationale for improving primary medical care in deprived
areas is one of achieving equity of access to health
care[22]. Improving health is only one objective, and
arguably not the main objective, in providing access to
health care. Nevertheless, modern medicine has become
increasingly effective, and several authors have estimated
that significant gains in life expectancy could be expected
if known effective treatments were more widely applied
[23,24]. Uptake of effective interventions is less for lower
socio-economic groups which have worse health out-
comes in treatable conditions like acute myocardial inf-

arction [25] or cancer [26]. There is therefore a
convergence between the objectives of achieving equity of
access and equity in health.

This model requires that the concept of 'access' is
extended to include the relevance and effectiveness of
services [27]. Indicators of primary care access which are
based only on the supply and utilisation of services will be
inadequate. Information about the coverage of the popu-
lation at risk by effective interventions is also required.
Some studies suggest that larger practices provide better
quality care [28] and that this may be associated with
reduced hospital utilisation [29] and better health out-
comes. This might explain why the partnership size and
proportion of single-handed practices were associated
with health outcomes. However, other studies have sug-
gested that single-handed practices provide satisfactory
standards of care[30]. In order to answer the questions
raised by this and other studies, future analyses should
link data for the supply and utilisation of primary care
services to individual-level data describing levels of risk
and delivery of interventions in the form of effective
treatment.
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Table 5: Associations from multiple regression models of characteristics of primary medical services with population health and health 
care indicators.

Outcome R-squared GP supply (wte per 10,000) Partnership size (partners) Single handed practices 
(10% increase)

Coefficient a 

(95% CI)
P value Coefficient a 

(95% CI)
P value Coefficient a 

(95% CI)
P value

All-cause mortality 15–64 
years (SMR

0.84 -2.8 (-6.9 to 1.3) 0.183 -6.3 (-11.7 to -0.8) 0.026 -2.8 (-5.6 to 0.0) 0.046

Acute MI mortality (SMR) 0.67 3.5 (-8.0 to 15.1) 0.543 -16.7 (-32.3 to -1.2) 0.035 -4.8 (-12.7 to 3) 0.224
Avoidable mortality (SMR) 0.76 -2.0 (-7.5 to 3.5) 0.475 -9.0 (-16.4 to -1.7) 0.017 -5.4 (-9.2 to -1.7) 0.005
Acute hospital admissions 0.68 -8.3 (-16.3 to -0.4) 0.040 -2.8 (-13.5 to 7.9) 0.605 0.0 (-5.5 to 5.3) 0.972
Chronic hospital 
admissions

0.66 -7.7 (-15.8 to 0.5) 0.065 -3.8 (-14.8 to 7.1) 0.486 -0.2 (-5.8 to 5.3) 0.934

Conceptions <18 years 0.83 -6.7 (-9.8 to -3.6) <0.001 -0.4 (-4.5 to 3.7) 0.833 -1.2 (-3.3 to 0.9) 0.250

aadjusted for Townsend deprivation score, proportion in social class IV and V, and proportion in households with head born in New 
Commonwealth, proportion of rural patients and patients aged ≥ 75 years as well as each of the variables shown.
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