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AbstrACt
Objectives (1) To describe the accessibility of general 
practitioners (GPs) by the German population; (2) to 
determine factors on individual and area level, such as 
settlement structure and area deprivation, which are 
associated with the walking distance to a GP; and (3) to 
identify factors that may cause differences in the utilisation 
of any doctors.
Design Cross-sectional study using individual survey data 
from the representative German Socio-Economic Panel 
(SOEP) linked with area deprivation data from the German 
Index of Multiple Deprivation for 2010 (GIMD 2010) and 
official data for settlement structure (urban/rural areas) at 
district level. Logistic regression models were estimated 
to determine the relationship of individual and area factors 
with the distance to a GP. Negative binomial regressions 
were used to analyse the association with utilisation.
setting Germany.
Population n=20 601 respondents from the SOEP survey 
data 2009.
Primary outcome measure Walking distance to a GP.
secondary outcome measure Doctor visits.
results Nearly 70% of the sample lives within a 20 min 
walk to a GP. People living in the most deprived areas have 
a 1.4-fold (95% CI 1.3 to 1.6) increased probability of a 
greater walking distance compared with the least deprived 
quintile, even after controlling for settlement structure 
and individual factors. In rural districts, people have a 
3.1-fold (95% CI 2.8 to 3.4) higher probability of a greater 
walking distance compared with those in cities. Both area 
deprivation and rurality have a negative relationship with 
the utilisation of physicians, whereas the distance to a GP 
is not associated with the utilisation of physicians.
Conclusion Walking distance to a GP depends on 
individual and area factors. In Germany, area deprivation 
is negatively correlated with the accessibility of GPs while 
controlling for settlement structure and individual factors. 
Both area factors are negatively associated with the 
utilisation of doctors. This knowledge could be used for 
future GP requirement plans.

bACkgrOunD   
To ensure an adequate supply of health-
care services for the population, health 
policymakers need valid information which 
enables them to identify areas with an 

insufficient supply and to correspondingly 
plan or adjust the distribution of medical 
facilities. This paper focuses on access to 
healthcare. Certainly, the decision to consult 
a doctor is mainly based on health status. 
However, consultation rates are also influ-
enced by demographic, socioeconomic and 
psychological factors which may constitute 
barriers of access to healthcare, for example, 
language barriers, ethnicity, occupational 
status, car ownership, anxiety or bad expe-
riences with side effects of drugs or treat-
ment.1 2 Penchansky and Thomas defined 
access as a concept consisting of five different 
dimensions including accessibility, availability, 
acceptability, affordability and accommodation.3 
Hence, it covers local conditions, the ratio 
of supply and demand, the acceptance of 
healthcare services by consumers, different 
financial aspects and the necessary organisa-
tion, that is, adequate services. This concept 
of access is enlarged by the new dimension 
awareness, which describes whether people 
even know about the services and possibilities 
they can access, for example, in their neigh-
bourhood.4 It is therefore obvious that access 
is determined by both individual and contex-
tual, that is, area, factors.

Recent research has focused on the 
social and built environment and its impact 
on health and healthcare. Particularly, 

strengths and limitations of this study

 ► New approach linking individual survey data with 
self-reported travel times to a general practitioner 
(GP), administrative data for settlement structure 
and data for area deprivation.

 ► Data from a large representative survey of the 
German population considering an individual’s ca-
pability and circumstances in terms of walking.

 ► Data could be biased because of self-reported dis-
tances to GPs and differences in time perception.
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maldistribution, often leading to a lack of physicians in 
rural areas, is a frequently reported problem in many 
countries.5–7 It is known that monetary and non-mon-
etary incentives exist to encourage practice in more 
urban areas, especially for young general practitioners 
(GPs). Less income, lower career opportunities and less 
infrastructure are often named as personal barriers to 
working and living in more rural areas. Consequently, 
many recently introduced programmes to recruit and 
retain physicians in rural areas focus on these factors.8–10 
Nevertheless, demographic change, leading to an ageing 
population, will exacerbate this situation.11 Hence, a 
shortage of GPs also exists in rural areas in Germany, with 
the prognosis getting worse.12 13 Thus, the first objective 
of this paper is to describe the accessibility of GPs by the 
German population.

Accessibility of healthcare facilities is often measured 
in terms of travel time or walking distance. For example, 
Voigtländer and Deiters showed in their review that a 
minimum standard for an acceptable travel time to reach 
a doctor is below 30 min with local public transport, 
tending to be lower in urban areas.14 Todd and colleagues 
assumed that up to 20 min is a reasonable travel time for 
good accessibility.15

The impact of area deprivation and settlement struc-
ture, that is, the distinction between rural and urban areas, 
on the accessibility of healthcare facilities such as GP 
surgeries is often examined with the help of geographic 
information systems (GIS).15 16 Buffer zones are often 
used to estimate accessibility.15 However, they are based 
on Euclidean (straight line) distances. In contrast, real 
travel distances could be examined by network analyses 
and have also been conducted on reaching the GP by car 
or public transport.17 Generally, evidence shows that the 
spatial accessibility of GPs in rural areas is lower than in 
urban areas.15 16 However, the difference is not only rele-
vant for the regional distribution of healthcare services. 
The number of studies analysing the impact of area depri-
vation on health and healthcare systems has increased 
successively in recent years. Several studies suggest that 
area deprivation has a negative effect on health,18–20 and 
that there is greater need for healthcare services in more 
deprived areas.21 22

Nevertheless, the effect of area deprivation on access 
and accessibility remains unclear. The findings of Todd 
et al,15 for example, suggest a positive primary care law 
(more deprived areas with better accessibility), whereas 
Teljeur et al16 show a negative effect of area deprivation 
on accessibility in some settlement structures. They report 
inconsistent effects of area deprivation on the proportion 
of the population living within walking distance of a GP 
as well as for median travel times in different settlement 
types.

Hence, the second objective of this paper is to shed 
further light on factors, which may be associated with the 
walking distance to a GP.

Furthermore, as a third objective, we evaluate whether 
accessibility correlates with the utilisation of healthcare 

services in terms of visits to any doctor and identify factors 
that are interrelated with these differences in utilisa-
tion. Features of the social environment may constitute 
important determinants in their own right.21

In contrast to previous studies, we combine individual 
data taken from a large representative population-based 
survey with data for area deprivation and for settlement 
structure. This allows us to determine factors at both 
individual and area level which may be associated with 
the walking distance to a GP and the utilisation of health-
care services. To the best of our knowledge, our paper is 
the first to describe these interrelations for the German 
population by using a new methodological approach.

MethODs
Population and study design
We used data from the German Socio-Economic Panel 
(SOEP) for our cross-sectional study.23 The SOEP is an 
annual, representative, multiwave study commissioned 
by the German Institute for Economic Research (DIW 
Berlin), ongoing since 1984 and sampling nearly 11 000 
households and 30 000 individuals.24 25 Data are collected 
using different questionnaires for individuals, house-
holds or specific subgroups by face-to-face interviews. 
Information available includes household composition, 
living conditions and personal information such as the 
biography of the individual and socioeconomic status 
(SES) with information on education, employment and 
earnings. Further data are collected for indicators such as 
health and life satisfaction as well as for social and polit-
ical aspects.

In the household questionnaires of the SOEP, walking 
distance to GPs is ascertained every 5 years. Therefore, we 
used data from the individual and household datasets for 
the year 2009 as for this year there is temporal proximity to 
other data, particularly area deprivation, used in this anal-
ysis. After excluding all participants with missing answers 
on the question about the distance to a GP (n=191), the 
final sample for descriptive analyses consisted of n=20 601 
people older than 17 years. Further missing values in 
explanatory variables reduced the sample available for 
statistical analyses to n=19 638.

Outcomes
The question for the main outcome of interest was, ‘How 
long does it take you on foot to reach the following facil-
ities in your residential area?—general practitioner’ with 
four categories of answer: ‘under 10 min’, ‘10–20 min’, 
‘more than 20 min’ and ‘not available, cannot be reached 
on foot’. We dichotomised this variable and cumulated 
the first two and the last two categories creating two 
different groups. Group 1 (‘close‘) consisted of those 
respondents who reported very good or good accessibility 
because of a walking time of ≤ 20 min. Group 2 (‘distant‘) 
comprised those with a walking time of >20 min and those 
who could not reach their GP on foot.
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Utilisation of doctors, as the secondary outcome 
measure, was ascertained by the question, ‘Have you gone 
to a doctor within the last three months? If yes, please 
state how often’. It should be remarked that this question 
concerns any visit to a doctor (GPs and/or specialists).

explanatory variables and confounders
Predictors and potential confounders were taken from 
the literature.1 2 We controlled for demographic factors as 
well as for individual SES, health status and area factors.

We categorised age into three groups: younger adults 
(age <40 years), middle-aged (40–64 years) and older 
adults (age ≥65 years). Furthermore, we analysed the 
association of sex (male or female) and migration back-
ground (German or not German) with the distance to a 
GP. Additionally, we controlled for whether having a child 
under 18 years living in the household could be associ-
ated with the distance to a GP, as awareness and prefer-
ences regarding the place of residence may change when 
having a child.

To characterise the individual SES, we used educational 
level, type of health insurance and the equivalised dispos-
able income of the household. The education level is 
stated in respect of high school, the (upper) secondary 
education level that is required to enter university, in 
three characteristic values (more than, equal to and less 
than high school).

The healthcare system in Germany is universal and 
mandatory. However, there are two types of health insur-
ance (private vs compulsory/statutory health insurance). 
Employees exceeding a certain income limit, for example, 
can choose a private health insurance which may have 
a number of advantages for both patients (eg, reduced 
waiting time) and physicians (eg, higher remuneration). 
This may induce differences regarding access as some 
practices are not accepting patients covered by the statu-
tory insurance system. The equivalised disposable income 
was calculated using the household post-government 
income (combined income after taxes and government 
transfers of all individuals in the household) reported by 
the respondents. The square root scale of the Organisa-
tion for Economic Co-operation and Development26 27 
was used for equivalisation, and we created quintiles for 
the sample with quintile 1 (Q1) representing the highest 
equivalised disposable income and quintile 5 (Q5) repre-
senting the lowest equivalised disposable income.

Different aspects of health were taken into account: 
the current self-reported health status on a 5-point Likert 
scale (from 1=‘very good’ to 5=‘bad’), the number of 
certain morbidities ever diagnosed by a doctor (‘diabetes, 
asthma, cardiac disease (also cardiac insufficiency, 
weak heart), cancer, apoplectic stroke, migraine, high 
blood pressure, depression, dementia and others’) and 
concerns about own health status on a 3-point Likert scale 
(1=‘very concerned’, 2=‘somewhat concerned’ or 3=‘not 
concerned at all’). In order to evaluate the severity of 
multicollinearity, we controlled Spearman's rank correla-
tion coefficients and calculated variance inflation factors 

(VIFs) in each case. A value >5 for a VIF would suggest a 
problem28 but, in our case, they were always clearly below 
this threshold (<2).

In addition, we used quintiles of the German Index 
of Multiple Deprivation (GIMD)29 for the year 2010 to 
identify the deprivation status of the region where the 
household was located as an area factor. The GIMD 2010 
consists of seven domains, which represent different 
dimensions of deprivation: income, employment, educa-
tion, municipal/district revenue, social capital, environ-
ment and security. Households were matched by official 
district codes (N=412 districts in 2010) to quintiles Q1–
Q5 of the GIMD 2010, where Q1 represents the least 
deprived districts and Q5 the most deprived districts.

Supplementary data provided by the Federal Institute 
for Research on Building, Urban Affairs and Spatial 
Development (BBSR) for 2010 were used to charac-
terise the settlement structure of the districts30 where the 
households were located by official district codes. The 
corresponding classification is based on the share of the 
population living in large and medium-sized cities, the 
population density of the district region as well as the 
population density of the district region without consider-
ation of the large and medium-sized cities in it. According 
to the BBSR, there are four different types of settlement 
structure:
1. Administratively independent major cities with 

>100 000 inhabitants (inhab.).
2. Urban districts: share of the population in large or 

medium-sized cities of minimum 50% and population 
density >150 inhab./km², or districts with population 
density >150 inhab./km² while not counting large or 
medium-sized cities.

3. Rural districts with population concentrations: share of 
the population in large or medium-sized cities of min-
imum 50% and a population density <150 inhab./km², 
or districts with share of the population in large or me-
dium-sized cities <50% and a density >100 inhab./km² 
while not counting large or medium-sized cities.

4. Thinly populated rural districts: share of the pop-
ulation in large or medium-sized cities <50% and a 
density <100 inhab./km² while not counting large or 
medium-sized cities.

Area deprivation status and settlement structure were 
matched with the SOEP data via the official municipality 
keys (Amtliche Gemeindeschlüssel) of the households’ 
district of residence.

Being unable to identify unique districts by a combina-
tion of federal state, settlement structure and area depri-
vation status, the DIW Berlin had to make some minor 
changes in four smaller districts in order not to violate 
data protection laws, which had no significant impact on 
the analysis (further information in online supplemen-
tary A).

statistical analyses
In addition to our description of the full sample, we used 
multiple logistic regression to model our dichotomous 
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outcome variable ‘walking distance to GP’ to obtain the 
odds modelled as a linear combination of our predictor 
variables. Here, because of missing values, we had to reduce 
our sample to n=19 638. These missing values occurred in 
current self-rated health status (n=42), concerns about 
own health (n=66) and type of health insurance (n=35). 
However, the largest number of missing values appeared 
in school education (n=856). OR estimators are reported 
with their 95% CIs.

We performed several robustness checks. First, we used 
the weighting factor provided by the SOEP31 to check 
our analyses for a more representative population (sum 
of used weightings n=64 335 424; sum of normalised 
used weightings n=17 101). Using this, we also took into 
account the different likelihoods of being drawn into 
the different SOEP subsamples and the unequal proba-
bilities of the households and individuals staying in the 
survey since the first interview. Second, we performed 
an ordered logistic regression modelling the outcome 
variable with all four characteristics available (‘under 
10 min’, ‘10–20 min’, ‘more than 20 min’ and ‘not avail-
able, cannot be reached on foot’). Third, we performed 
a sensitivity analysis without administratively independent 
major cities (n=14 770 respondents) as it can be assumed 
from the literature that the supply rate of GP surgeries in 
cities is greater than in non-urban areas.

To analyse the associations of individual and area 
factors with utilisation, we performed negative binomial 
regressions modelling the count variable as the number 
of doctor visits is zero-inflated (n=5750; 27.9%) in our 
sample. Two distinct models including the confounders 
described above were estimated: one with the distance to 
the GP as an additional covariate and one without. The 
second model including the distance to a GP allowed us 
to control for a possible endogeneity problem. Addition-
ally, the question on utilisation could address different 
types of physicians (see 'Discussion'). We also used the 
weighting factor here to check for robustness.

Finally, in all tests, we categorised the missing values in 
school education as a new subgroup and checked their 
impact as an additional sensitivity analysis.

All data analyses were performed using SAS V.9.4 (SAS 
Institute).

Patient and public involvement
Patients and/or public were not involved in this study.

results
Descriptive results
Table 1 shows the sample characteristics. Participants in 
our sample had an average age of 49.9 years and consisted 
of 52.3% females. Overall, 39.5% reported living <10 min 
away from the GP, 30.1% between 10 and 20 min, 13.6% 
>20 min, and a GP was not reachable on foot for 16.8%. 
So, in total, 69.6% reported living within a self-reported 
walking distance of at most 20 min (group 1, ‘close’), 
whereas 30.4% had to walk >20 min or could not reach a 

GP on foot (group 2, ‘distant’). The vast majority (75.4%) 
of those who lived in cities and urban districts were able 
to reach a GP within 20 walking minutes. Considering 
urbanity, just 14.0% of group 1 reported living in a rural 
area, whereas the corresponding percentage of those in 
group 2 increased to 24.1%. Finally, participants in the 
‘distant’ group visited a doctor on average more often 
than those in the ‘close’ group (mean 2.75 vs 2.56).

regression results
Table 2 shows the results of the multiple logistic regres-
sions modelling the risk of being in group 2, that is, not 
living within a 20 min walk of a GP. Model I shows the 
results of the unweighed sample, and model II displays 
the estimates for the weighted sample. Because of missing 
values, n=19 638 (95.3%) were included in the analyses. 
The largest share of missing values appeared for educa-
tion level. Most of these cases are people in the youngest 
age group. Other missing values are reported in the foot-
notes to the tables.

Comparing group 1 with group 2 in model I, the prob-
ability of a greater walking distance to a GP is dependent 
on various individual and area factors. Living in the least 
deprived area quintile Q1 significantly decreased the risk 
of being in the ‘distant’ group (OR 1.38 for Q2; 95% CI 
1.26 to 1.53 and OR 1.43 for Q5; 95% CI 1.29 to 1.59 with 
reference to Q1), whereas no linear rise in the proba-
bility is seen with increasing area deprivation. Living in 
the most rural settlement structure increased the prob-
ability of a longer walking distance to the GP, especially 
compared with cities (OR 3.06; 95% CI 2.76 to 3.40). 
Here, a continual rise in the probability can be witnessed 
with increasing levels of rurality.

Older people (aged >64 years) had a 13% higher 
probability of living >20 walking minutes away from a 
GP compared with the group <40 years of age (OR 1.13; 
95% CI 1.02 to 1.25). The probability is significantly 
lower for those respondents with children <18 years in 
the household (OR 0.91; 95% CI 0.84 to 0.99) or a migra-
tion background (OR 0.67; 95% CI 0.57 to 0.78). Further-
more, individuals in lower equivalent disposable income 
quintiles were less likely to report a walking distance of 
>20 min. The poorest quintile had a 13% reduced prob-
ability (OR 0.87; 95% CI 0.78 to 0.98) compared with the 
quintile with the highest equivalent disposable income. 
However, having private instead of compulsory health 
insurance coverage showed no significant effect on the 
probability of a greater walking distance (OR 0.97; 95% CI 
0.88 to 1.08).

No significant differences are seen in education level 
between the two groups; a higher education level even 
tends to produce a greater distance to the GP (OR 1.09; 
95% CI 0.99 to 1.20 for high school against less than 
high school). Suffering bad health compared with a very 
good self-reported health status increased the probability 
by 60% (OR 1.60; 95% CI 1.29 to 2.00). However, the 
number of morbidities (OR 1.04; 95% CI 1.00 to 1.08) 
and concerns about own health (very concerned with 

 on 2 July 2019 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2017-021036 on 23 O
ctober 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


5Greiner GG, et al. BMJ Open 2018;8:e021036. doi:10.1136/bmjopen-2017-021036

Open access

Table 1 Sample characteristics

Total
(n=20 601)

Group 1 (close)*
(n=14 346)

Group 2 (distant)*  
(n=6255)

n/mean†  %/SD† n/mean†  %/SD† n/mean†  %/SD†

Sex

  Male 9824 47.7 6852 47.8 2972 47.5

  Female 10 777 52.3 7494 52.2 3283 52.5

Age† 49.93 17.69 49.35 17.66 51.25 17.69

  Young (age<40 years) 6089 29.6 4441 31.0 1648 26.3

  Middle (40–64 years) 9437 45.8 6505 45.3 2932 46.9

  Old (age>64 years) 5075 24.6 3400 23.7 1675 26.8

Walking distance to GP 

  Less than 10 min 8146 39.5 8146 56.8 – –

  10–20 min 6200 30.1 6200 43.2 – –

  More than 20 min 2796 13.6 – – 2796 44.7

  None in the area/not reachable 3459 16.8 – – 3459 55.3

Area deprivation GIMD 2010 (quintiles) 

  Q1 least deprived 4633 22.5 3429 23.9 1204 19.2

  Q2 4085 19.8 2792 19.5 1293 20.7

  Q3 3584 17.4 2389 16.7 1195 19.1

  Q4 4205 20.4 3080 21.5 1125 18.0

  Q5 most deprived 4094 19.9 2656 18.5 1438 23.0

Settlement structure 

  1 city 5138 24.9 4164 29.0 974 15.6

  2 urban district 6277 30.5 4444 31.0 1833 29.3

  3 rural district with pop. concentration 5679 27.6 3737 26.0 1942 31.0

  4 rural district 3507 17.0 2001 14.0 1506 24.1

Children in household 

  Yes 5570 27.0 4034 28.1 1536 24.6

  No 15 031 73.0 10 312 71.9 4719 75.4

German 

  Yes 19 456 94.4 13 427 93.6 6029 96.4

  No 1145 5.6 919 6.4 226 3.6

Equivalent household disposable income (quintiles)

  Q1 (high; >€32 564) 4122 20.0 2932 20.4 1190 19.0

  Q2 (>€24 031–32 564) 4119 20.0 2825 19.7 1294 20.7

  Q3 (>€18 552–24 031) 4119 20.0 2793 19.5 1326 21.2

  Q4 (>€13 829–18 552) 4121 20.0 2901 20.2 1220 19.5

  Q5 (low; ≤€13 829) 4120 20.0 2895 20.2 1225 19.6

Education‡ 

  Less than high school 2843 14.4 2014 14.7 829 13.8

  High school 12 343 62.5 8411 61.3 3932 65.3

  More than high school 4559 23.1 3296 24.0 1263 21.0

Health status‡ 

  Very good 1841 9.0 1385 9.7 456 7.3

  Good 8039 39.1 5761 40.3 2278 36.5

  Satisfactory 6995 34.0 4767 33.3 2228 35.7

Continued
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reference to not concerned at all OR 0.90; 95% CI 0.81 
to 1.02) had a very small or no significant effect on the 
distance to the GP.

Regarding the robustness of the general findings, the 
observed association of area deprivation with the distance 
to a GP is supported by the other two models reported 
in table 2. Model II, with the number of weighted obser-
vations used of n=64 335 424, shows an even stronger 
effect of area deprivation (OR 1.60 comparing the most 
deprived quintile with the least deprived) and settle-
ment structure (OR 3.14 comparing the most rural with 
the most urban structure) on the distance to a GP. Also, 
the results of the ordered logistic regression model vali-
dated these results (see online supplementary B). Simi-
larly, even excluding respondents living in cities (model 
III) did not change the general finding of a remarkable 
association of area deprivation (OR 1.45; 95% CI 1.29 to 
1.62 comparing the most deprived quintile with the least 
deprived) with the distance to a GP.

In order to identify associations with utilisation at the 
individual and area level, we performed two negative 
binomial regressions reported in table 3. The model 
controlling for the distance to a GP as a confounder for 
utilisation shows the same results as the model without 
the distance to a GP precisely up to the second decimal 
place (not given in the table). Therefore, we just report 
the full model (model I) containing the distance to a 
GP as an explanatory variable. Also, because of the very 
similar results, we do not expect to have an endogeneity 
problem.

Living >20 min away from a GP had no significant 
effect on the number of doctor visits within the last three 
months, while holding the other variables in the model 

constant (incident rate ratio (IRR)=1.00; 95% CI 0.97 
to 1.04). In rural settlements (IRR=0.90, 95% CI 0.86 to 
0.94 compared with big cities) and very deprived areas 
(IRR=0.84, 95% CI 0.80 to 0.88 compared with least 
deprived areas), the utilisation is significantly lower. 
Using the weighting factor (model II) supports our results 
showing robustness for a more representative sample.

Finally, testing the missing values of school education as 
a subgroup in a further robustness check (not reported 
in the tables) did not change the estimators or the signif-
icance levels of our results substantially.

DisCussiOn
Principal findings of this study
First, in our cross-sectional analysis, we found that nearly 
70% of the sample lives within 20 min walking time of a 
GP surgery. Second, in our results, a strong and robust 
association exists between higher area deprivation and 
higher rurality, on the one hand, and worse accessibility 
to GPs, on the other. This link appeared while controlling 
for area factors, but also for demographic characteristics, 
as well as for individual SES and health status. Third, area 
deprivation and rurality also show a negative relationship 
with the utilisation of physicians, whereas the distance to 
a GP is not associated with utilisation.

strengths and weaknesses
In our study based on a large representative survey from 
Germany, we adopt a new approach to link individual 
data, self-reported travel times to a GP and number of 
visits to a doctor with administrative data for settlement 
structure and data for area deprivation. This approach 

Total
(n=20 601)

Group 1 (close)*
(n=14 346)

Group 2 (distant)*  
(n=6255)

n/mean†  %/SD† n/mean†  %/SD† n/mean†  %/SD†

  Poor 2882 14.0 1883 13.2 999 16.0

  Bad 802 3.9 515 3.6 287 4.6

Number of morbidities† 0.79 1.01 0.76 0.99 0.87 1.05

Concerns about own health‡ 

  Very concerned 3765 18.3 2535 17.7 1230 19.8

  Somewhat concerned 10 654 51.9 7376 51.6 3278 52.6

  Not concerned at all 6116 29.8 4395 30.7 1721 27.6

Type of health insurance‡ 

  Compulsory health ins. 17 608 85.6 12 213 85.3 5395 86.4

  Private health ins. 2958 14.4 2109 14.7 849 13.6

Doctor visits (3 months)† 2.62 3.86 2.56 3.77 2.75 4.05

Source: SOEP.v32, own calculations.
*Group 1: walking distance to GP less or equal 20 minutes, Group 2: walking distance to GP more than 20 minutes.
†continuous variable – mean and SD (standard deviation) reported in italics.
‡Missing values in total: education (n=856), health status (n=42), concerns about own health (n=66), and type of health insurance (n=35).
GIMD, German Index of Multiple Deprivation; ins., insurance; pop., population; Q, quintile. 

Table 1 Continued 
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clearly extends previous approaches, which did not take 
personal factors into account that may influence the 
place of residence.15 16 Other approaches had already 
controlled for individual health and social factors, but 

were lacking area information.32 Thus, as far as we know, 
this is the first study to control for both individual charac-
teristics and area factors when looking at the accessibility 
of GPs.

Table 2 Results of multiple logistic regression: effects of individual and area factors on worse general practitioner accessibility 
(>20 min)

 
 

Model I (n=19638) Model II* (n=17101) Model III (n=14770)

OR 95% CI OR 95% CI OR 95% CI

Sex [female] 1.02 0.96 to 1.09 1.08 1.05 to 1.15 1.01 0.94 to 1.08

Age [ref=young (age<40 years)]            

  Middle (40–64 years) 1.08 1.00 to 1.17 1.05 0.96 to 1.14 1.07 0.98 to 1.17

  Old (age>64 years) 1.13 1.02 to 1.25 1.06 0.95 to 1.17 1.11 0.99 to 1.24

Area deprivation GIMD 2010 [ref=Q1, least deprived]      

  Q2 1.38 1.26 to 1.53 1.32 1.19 to 1.46 1.41 1.27 to 1.56

  Q3 1.45 1.31 to 1.61 1.31 1.18 to 1.46 1.49 1.34 to 1.66

  Q4 1.34 1.20 to 1.49 1.22 1.09 to 1.37 1.21 1.07 to 1.36

  Q5 (most deprived) 1.43 1.29 to 1.59 1.60 1.42 to 1.80 1.45 1.29 to 1.62

Settlement structure [ref=1 city]          

  2 urban district 1.88 1.71 to 2.07 2.11 1.91 to 2.34 –† –†

  3 rural district with population concentration 2.40 2.18 to 2.65 2.44 2.21 to 2.70 1.28† 1.19 to 1.39†

  4 rural district 3.06 2.76 to 3.40 3.14 2.81 to 3.52 1.63† 1.48 to 1.79†

Children in household [yes] 0.91 0.84 to 0.99 0.76 0.70 to 0.83 0.91 0.84 to 0.99

German [no] 0.67 0.57 to 0.78 0.78 0.68 to 0.89 0.59 0.49 to 0.71

Equivalent household disposable income [ref=Q1 high; >€32 564]

  Q2 (>€24 031–32 564) 1.01 0.91 to 1.11 1.18 1.05 to 1.33 1.05 0.94 to 1.18

  Q3 (>€18 552–24 031) 1.00 0.90 to 1.11 1.03 0.91 to 1.16 1.06 0.94 to 1.19

  Q4 (>€13 829–18 552) 0.87 0.78 to 0.97 0.91 0.80 to 1.03 0.93 0.82 to 1.06

  Q5 (low; ≤€13 829) 0.87 0.78 to 0.98 0.93 0.82 to 1.06 0.90 0.80 to 1.03

Education [ref=less than high school]            

  High school 1.09 0.99 to 1.20 1.11 1.01 to 1.23 1.08 0.97 to 1.20

  More than high school 0.99 0.88 to 1.12 1.07 0.94 to 1.21 0.98 0.86 to 1.12

Health status [ref=very good]            

  Good 1.14 1.01 to 1.30 1.15 1.00 to 1.33 1.20 1.04 to 1.39

  Satisfactory 1.31 1.14 to 1.50 1.34 1.14 to 1.56 1.37 1.17 to 1.61

  Poor 1.50 1.28 to 1.76 1.59 1.33 to 1.89 1.62 1.35 to 1.95

  Bad 1.60 1.29 to 2.00 1.61 1.27 to 2.03 1.64 1.28 to 2.10

Number of morbidities 1.04 1.00 to 1.08 1.05 1.01 to 1.09 1.02 0.98 to 1.06

Concerns about own health [ref=not concerned at all]  

  Somewhat concerned 0.96 0.88 to 1.04 0.92 0.84 to 1.01 0.97 0.89 to 1.07

  Very concerned 0.90 0.81 to 1.02 1.00 0.88 to 1.13 0.91 0.80 to 1.04

Type of health insurance [private health 
insurance] 0.97 0.88 to 1.08 0.97 0.86 to 1.09 0.99 0.88 to 1.10

Max re-scaled R2 (percentage) 5.92 6.89 3.69

Models I to III are full models.
Missing values in total: education (n=856), health status (n=42), concerns about own health (n=66) and type of health insurance 
(n=35).
*Weighting factor was used: calculation with normalised weights. 
†Reference=2 urban district, sensitivity analysis without big major cities. 
OR in bold, statistically significant at the 5% level;
[], category tested in a dichotomous variable; [ref=], reference category for more than two characteristics; GIMD, German Index of 
Multiple Deprivation; Q, quintile. 
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A further strength of the present study is that we also 
consider the individual’s walking capability. Certain 
groups of people are not able to walk within 20 min to a 
GP because of a number of physical and mental factors, 

whereas other groups may be able to do so. Differences 
in gait speed are, for example, associated with differ-
ences in height and body weight.33 Certainly, working 
with a GIS would allow us to locate the GPs in the region 

Table 3 Results of negative binomial regressions: effects on utilisation (number of doctor visits)

 
 

Model I (n=19638) Model II* (n=17101)

IRR 95% CI IRR 95% CI

Sex [female] 1.25 1.22 to 1.29 1.23 1.20 to 1.27

Age [ref=young (age<40 years)]        

  Middle (40–64 years) 0.92 0.88 to 0.95 0.94 0.90 to 0.97

  Old (age>64 years) 1.00 0.95 to 1.05 1.04 0.99 to 1.09

Area deprivation GIMD 2010 [ref=Q1, least deprived]   

  Q2 0.96 0.92 to 1.01 0.96 0.91 to 1.00

  Q3 0.97 0.92 to 1.02 1.00 0.95 to 1.05

  Q4 0.92 0.88 to 0.97 0.95 0.90 to 0.99

  Q5 (most deprived) 0.84 0.80 to 0.88 0.86 0.82 to 0.90

Settlement structure [ref=1 city]        

  2 urban district 0.93 0.89 to 0.97 0.93 0.89 to 0.97

  3 rural district with population concentration 0.90 0.86 to 0.94 0.89 0.86 to 0.93

  4 rural district 0.90 0.86 to 0.94 0.90 0.86 to 0.94

Children in household [yes] 1.00 0.96 to 1.04 1.03 0.99 to 1.07

GP within 20 minutes [yes] 1.00 0.97 to 1.04 0.99 0.96 to 1.02

German [no] 1.03 0.96 to 1.11 0.97 0.91 to 1.03

Equivalent household disposable income [ref=Q1 high; >€32 564]

  Q2 (>€24 031–32 564) 0.99 0.94 to 1.04 0.99 0.95 to 1.04

  Q3 (>€18 552–24 031) 0.94 0.89 to 0.99 0.94 0.90 to 0.99

  Q4 (>€13 829–18 552) 0.91 0.87 to 0.96 0.90 0.85 to 0.94

  Q5 (low; ≤€13 829) 0.87 0.82 to 0.92 0.86 0.82 to 0.91

Education [ref=less than high school]        

  High school 1.12 1.07 to 1.17 1.15 1.10 to 1.20

  More than high school 1.18 1.12 to 1.25 1.19 1.13 to 1.26

Health status [ref=very good]        

  Good 1.39 1.30 to 1.49 1.43 1.33 to 1.54

  Satisfactory 1.93 1.80 to 2.08 1.97 1.82 to 2.14

  Poor 2.91 2.68 to 3.15 2.91 2.67 to 3.17

  Bad 4.09 3.70 to 4.52 3.91 3.54 to 4.32

Number of morbidities 1.28 1.26 to 1.30 1.25 1.24 to 1.27

Concerns about own health [ref=not concerned at all]

  Somewhat concerned 1.18 1.13 to 1.23 1.21 1.16 to 1.26

  Very concerned 1.47 1.39 to 1.55 1.54 1.46 to 1.63

Type of health insurance [private health insurance] 1.05 1.01 to 1.11 1.04 0.99 to 1.10

Intercept 1.24 1.11 to 1.39 1.23 1.09 to 1.38

Goodness of fit (value deviance/DF) 1.09 1.24

Incidence rate ratio in bold=statistically significant at 5% level.
Missing values in total: education (n=856), health status (n=42), concerns about own health (n=66) and type of health insurance 
(n=35).
Models I and II are full models.
*Weighting factor was used: calculation with normalised weights.
[], category tested in a dichotomous variable; [ref=], reference category for more than two characteristics; DF, degrees of freedom; 
GIMD, German Index of Multiple Deprivation; GP, general practitioner; Q, quintile. 
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of interest, creating heat maps and performing network 
analysis. But this would not consider individual capabili-
ties. Hence, we see a big strength in our study that respon-
dents answered the question by taking their personal 
capabilities and circumstances such as the terrain into 
account.

Finally, this study examined factors of access to and util-
isation of primary care in Germany using a large dataset.

We do, however, acknowledge that we used self-reported 
data, which may have led to some bias. One problem 
could be that respondents did not exactly understand the 
question. There is a chance that respondents mean the 
GP whom they are consulting and not the nearest one, 
especially if they are not aware of the nearest GP. This 
would bias the results, especially as we did not use a GIS 
to locate the places of residence of respondents and GP 
surgeries. Also, differences in time perception may lead 
to a bias in the results.

Another potential limitation deserves to be mentioned. 
A possible bias could have resulted from missing infor-
mation on education level for n=856 respondents. The 
vast majority of the missing values were for those younger 
than 25 years. A possible explanation might be that corre-
sponding individuals are still in education, for example, 
at university, so that their final education level is not 
yet clear. Consequently, we systematically analysed the 
distribution of missing values and concluded that these 
missing values could be excluded without distorting the 
results for several reasons, especially as they showed no 
impact after testing them as a subgroup. Additionally, the 
total number of missing values is not high compared with 
the entire sample. Finally, we want to mention that the 
vast majority of people in the youngest age group do not 
usually have the possibility of freely choosing their place 
of residence at this age.

What is already known and what did we find
Our findings of a negative association of area depriva-
tion with access and accessibility are consistent with and 
supportive of studies by Teljeur et al in Ireland16 and espe-
cially Bauer et al in Germany,34 who reported an inverse 
care law (more highly deprived areas with worse accessi-
bility). However, our findings are contrary to others who 
report either a positive effect15 or no effect35 of area depri-
vation on accessibility and also a negative effect of rurality. 
First, we have to take into account that the methods and 
approaches used are very different as we did not use GIS 
to locate the GPs and residents. This could also be one 
reason why our ratio of people living within 20 min of a 
GP (70%) is significantly lower than the 84.8% quoted in 
the work by Todd et al.15

One further result of our study is that household 
disposable income shows a negative association with the 
probability of living within 20 min of a GP. Some previous 
studies have already shown that a higher individual SES 
is associated with greater distance to a GP.32 There are 
several possible explanations for these observations. 
People with the highest income could be much more 

flexible in their choice of GP or their place of residence. 
We can expect that this group is more likely to own a car,36 
which has a positive effect on access.2 More generally, the 
positive association between individual SES and health is 
well known and has been reported in a large number of 
empirical studies.37 If doctors are less needed and if there 
exist other ways of going to a doctor than on foot, the 
distance does not seem to be an essential decision-making 
factor on the place of residence or choice of doctor.

As explained in the introduction, awareness is a dimen-
sion of access.4 This could be one reason why having a 
child <18 years at home is a significant predictor in our 
models. Awareness of medical facilities in the neighbour-
hood may arise with this factor.

There has been some inconsistency in our results 
regarding utilisation. We found a negative association of 
rurality and area deprivation with utilisation, whereas one 
might have expected a positive relationship because of 
the worse health of the population.21 On the one hand, as 
mentioned above, health status in deprived areas is often 
worse than in less deprived areas.22 On the other hand, 
the wording of the question for utilisation in our dataset 
could also refer to specialised physicians. It is known that, 
especially in rural areas or deprived areas, the distribution 
of specialised physicians is poor.7 This may be one reason 
for lower utilisation in more rural and deprived areas as 
we cannot factor out the visits to GPs. Our result showing 
that the distance to a GP has no effect on utilisation seems 
to be supportive of the assumption that these opposing 
effects may cancel each other out, at least in part.

unanswered questions and future research
In our study, we used area deprivation quintiles and 
settlement structure as confounders. For future 
research, the identification of certain districts and the 
application of multilevel analysis could increase knowl-
edge about the associations between area deprivation 
and accessibility to GPs in Germany. The identification 
of districts with insufficient supply would generate valu-
able implications for policymakers regarding the reduc-
tion of barriers to healthcare access and the distribution 
of medical facilities.

COnClusiOn
The distance to a GP depends on individual and area 
factors. In Germany, area deprivation is negatively associ-
ated with accessibility, controlling for settlement structure 
and several individual factors. Area deprivation and settle-
ment structure also have a significant negative association 
with utilisation. Identifying areas with the greatest lack 
of supply regarding their needs using survey data seems 
to be a helpful approach and could generate important 
implications for policymakers regarding the distribution 
of medical facilities.
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