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Background: This study aims to investigate the association between distance to health services and intervals in
the cancer diagnostic pathway, and explore whether the diagnostic diﬃculty of the cancer inﬂuences this association.
Method: A nationwide cohort study was conducted based on data from both questionnaires and registries.
Danish cancer patients diagnosed in 2005–2016 and their general practitioner (GP) were included if enrolled in
the Danish Cancer in Primary Care (CaP) cohort (n = 37,872). The CaP cohorts provided data on intervals
assessed by patients and GPs. The Geographical Information System (GIS) was used to calculate travel distances
from the residence of the patient to their GP surgery and to the hospital of diagnosis.
Results: Longer travel distance to the hospital of diagnosis was associated with longer diagnostic interval. This
association was strongest in the period before the implementation of Cancer Patient Pathways (CPP) in 2010.
Patients with a cancer categorised as ´hard to diagnose´ contributed mostly to the association. Longer travel
distance to the GP was associated with shorter patient interval and primary care interval for patients diagnosed
with cancer types ´intermediate to diagnose´.
Conclusion: Travel distance to cancer diagnostic health care services was associated with interval length in the
diagnostic pathway. This association was less pronounced in the period after introducing CPPs and also strongly
depending of the underlying cancer type and symptomatology.

1. Introduction
Early diagnosis is important for cancer prognosis [1–3], and equal
and easy access to health care is a priority in most Western health care
systems [4,5]. The increasing centralisation in many health care systems could have conﬂicting eﬀects; it enhances and stimulates specialised health services [6,7] and yet limits the access to health care [8,9].
This holds a risk of delays in the diagnosis of cancer and treatment
initiation. Studies have reported on the association between travel
distance and cancer prognosis [10–15] yet more knowledge is needed
on the inﬂuence of travel distance on cancer outcome [9].
The distance from the patient’s home address to the general practitioner (GP) could be associated with the time from the ﬁrst symptom
to help-seeking (i.e. the patient interval) [16]. One study found that
long travel distance to the location of the ﬁrst health care consultation
was associated with longer patient interval [17]. Lower referral
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propensities among GPs in remote geographical locations have been
observed [18], but no studies have examined the association between
travel distance to health services and the period from ﬁrst GP consultation until referral (i.e. the primary care interval). Studies in this
area have been called for [15] because the diagnostic journey usually
begins in primary care [19,20]. Further, patients with long travel distance to hospitals may experience barriers to investigations [21,22].
Three studies have found an association between distance and secondary care or treatment intervals [17,23,24]. To our knowledge, none
has investigated the time from presentation until diagnosis (i.e. the
diagnostic interval).
The association between travel distance and cancer outcome is not
straightforward [15,23]. It could be hypothesised that the diagnostic
diﬃculty of the cancer [25], which is inﬂuenced by diﬀerent symptomologies, could aﬀect the GP’s propensity to refer [26,27] in patients
with longer distance, and thereby lead to prolonged intervals.
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2.3. Time intervals

This study aims to investigate the association between travel distance from the patient’s home to the GP and length of patient interval
and primary care interval. The study also aims to investigate the association between travel distance from the patient’s home to the hospital
of diagnosis and length of primary care interval and diagnostic interval.
Finally, the study aims to examine if an identiﬁed association is modiﬁed by the diagnostic diﬃculty of the cancer.

The CaP cohorts hold information on the time from ﬁrst symptom
recognition until initiation of treatment based on responses from patients and GPs deﬁned according to the Aarhus Statement [16]. This
study includes the patient interval (the time from ﬁrst symptom recognition until presentation in general practice), the primary care interval (the time from ﬁrst GP presentation until ﬁrst GP referral), and
the diagnostic interval (the time between ﬁrst presentation until diagnosis).
The calculation of the intervals adhered to the following coding
rules. For the patient interval, we used the dates reported by the patient. When this information was missing, dates assessed by the GP were
used. The primary care interval and the diagnostic interval were calculated based on GP-reported dates. When this information was
missing, dates assessed by the patient were used. The date of diagnosis
was collected from the Danish Cancer Register [35] and used for calculation of the diagnostic interval. Previous studies have shown acceptable agreement between patient- and GP-assessed milestone dates
in the diagnostic pathway [36].

2. Methods
2.1. Setting
Denmark has a population of 5.7 million inhabitants and a population density of 129 per square mile. The health care system is taxfunded and provides free access to most health care services. Danish
GPs serve as gatekeepers to the health care system [28]. GPs are the
ﬁrst point of contact and may refer their patients to specialised diagnostic investigation at hospital or specialised private practices for e.g.
dermatologists or gynaecologists. Diagnostics of cancer at the hospitals
depends on the speciﬁc cancer types, yet most specialised investigations
(e.g. radiological investigations or endoscopies) are performed only at
larger hospitals. If cancer is suspected, patients are typically enrolled in
a Cancer Patient Pathways (CPP) which were implemented in Denmark
during 2008–2010 to ensure fast investigation of patients with symptoms suggestive of cancer [29,30].
The hospital services have been organised in ﬁve administrative
regions in Denmark since 2007 [4].

2.4. Travel distance to health services
We applied the geographical software programme ArcGIS Network
Analyst [37] to calculate the travel distance from the residence of the
patients at the time of diagnosis to the health services, including (1) the
address of the GP and (2) the address of the hospital where the patient
was diagnosed. The hospital of diagnosis was identiﬁed based on registrations in the DNPR, where the entire hospital discharge history of
the Danish population is recorded [32]. Using the Danish road network,
we calculated the shortest road distances from the residence of each
patient to the GP and to the hospital.
In the study population, it was possible to calculate distance to the
GP for 35,408 (93.5%) patients and to the hospital of diagnosis for
36,241 (95.7%) patients.

2.2. Design, study population and data collection
We conducted a population-based cohort study based on incident
cancer patients [31] included in the Danish Cancer in Primary Care
(CaP) cohorts. The CaP cohorts comprise six separate cohorts of cancer
patients and their GPs (Table 1) and include 37,872 incident cancer
cases. Patients were included if aged 18 years or older at diagnosis,
listed with a GP, and diagnosed between 2005 and 2016. For all six
cohorts, patients were identiﬁed through the Danish National Patient
Register (DNPR) [32]. Patients received a postal questionnaire approximately three months after diagnosis if they were alive and not
listed in the Danish Civil Registration System as unavailable for research studies. Through the Danish National Health Service Register
[33], the GP of each patient was identiﬁed and invited to respond to a
questionnaire about the diagnostic process of their patient. GPs of the
patients who had deceased at the time of the data collection also received a questionnaire. The response rate was 52–70% for the patient
questionnaire and 72–86% for the GP questionnaire (Table 1). All data
used in this study was linked through the patient’s unique civil registration number (CRN) [34].

2.5. Diagnostic diﬃculty group
To study if the association between travel distance to the health
services and length of intervals was modiﬁed by the diagnostic diﬃculty of the cancer, patients were stratiﬁed into three levels of diagnostic diﬃculty based on the underlying cancer type: easy, intermediate,
and hard. This categorisation was developed based on previous work
categorising cancer types based on the positive predictive value of a
symptom being cancer when presented in general practice [25–27]. The
included cancer types are presented in Box 1. Cancer types not mentioned here (n = 3545) were not included in these sub-analyses.

Table 1
Key components of the six CaP Cohorts.
Cohort

CaP 1
a

CaP 2

CaP 3

CaP 4

CaP 5

CaP 6

2010
≥ 18 years
ICD-10:
DC00-DC96
ex.C44
N = 8199
Patient: 64%
GP: 74%

2010-2011
≥ 18 years
Lung and CRC

2013
≥ 40 years
Lunge, CRC, female breast and
ovarian

2016
30-99 years
ICD-10:
DC00-DC96 ex.C44

N = 2,860
Patient: N/A
GP: 74%

N = 1,889
Patient:70%
GP: 60 %

N = 11,866
Patient: 52%
GP: 72%

Year of diagnosis
Age group included
Diagnosis included

2005
≥ 18 years
ICD-10:
DC00-DC96 ex.C44

2007-2008
≥ 18 years
ICD-10:
DC00-DC96 ex.C44

Eligible patients*
Response rates for patient and
GP**

N = 1629 a
Patient: 53%
GP: 86 %

N = 11429
Patient: 63%
GP: 81%

a

Sub-cohort 1 originally included patients diagnosed from September 2004, thus eligible patients in this cohort consisted of 2850 [31]. This study only included
patients diagnosed from 1 January 2005 (N = 1629).
* Patients with a validated ﬁrst-time diagnosis in the DCR or the DNPR and listed with a GP.
** Response rates for the patient questionnaires were calculated for contacted patients alive and not registered in the Civil Registration System with a standing
rejection to be contacted for research purposes.
116

Cancer Epidemiology 59 (2019) 115–122

L. Flytkjær Virgilsen et al.

Box 1
Diagnostic diﬃculty group based on cancer type including ICD-10 codes.
Easy (n = 12,416)
Rectal
Melanoma*
Breast
Vaginal
Cervical
Endometrial
Penile
Testicular
Bladder
Thyroid

Intermediate (n = 12,511)
(C19-20)
(C43)
(C50)
(C52)
(C53)
(C54-55)
(C60)
(C62)
(C67)
(C74-75)

Hard (n = 9400)

Oropharyngeal
Oesophagus
Colon
Laryngeal
Mesothelioma
Vulva
Prostate
Renal
NH Lymphoma**
Leukemia

(C10)
(C15)
(C18)
(C32)
(C45-46)
(C51)
(C61)
(C64)
(C82,83,85)
(C91-C95)

Stomach
Pancreas
Lung
Ovarian
Brain/CNS***
Hodgkin’s Lymphoma
Multiple myeloma

(C16)
(C25)
(C34)
(C56)
(C70-72)
(C81)
(C90)

*

Malignant melanoma
Non-Hodgkin’s Lymphoma
***
CNS: central nervous system
**

2.6. Covariates

2.8. Ethics

The following variables were included as covariates and obtained
from Statistics Denmark: sex, age at date of diagnosis (categorised into:
18–49, 50–59, 60–69, 70–79, and ≥80 years of age), and highest attained education (categorised according to UNESCO’s ISCED classiﬁcation into: ≤10, 11–15, or > 15 years of education) [38]. Charlson’s
Comorbidity Index score was also included as a potential covariate and
was assessed based on contacts registered in the DNPR ten years prior to
the diagnosis (categorised into: 0, 1–2, > 2). Finally, we adjusted for
sub-cohort to account for historic time and developments in diagnostic
procedures over time.

The project is registered in the Record of Processing Activities at the
Research Unit for General Practice in accordance with the Danish data
protection regulations (L68) and the General Data Protection
Regulation (GDPR) by the EU [41]. As the data is based solely on
registry and questionnaire data, approval by the regional committee on
health research ethics was not required.
3. Results
Table 2 shows that the median patient intervals were longer in
patients who were younger, highly educated, a CCI score of 0, and in
the period after CPP introduction. The median primary care intervals
were longer in patients who were older, males, had short education,
were hard to diagnose, and in the period before CPP introduction. The
median diagnostic intervals were longer in patients who were oldest,
males, a CCI score of ≥2, had the longest distance to the hospital, and
in the period after CPP introduction.

2.7. Statistical analysis
Median and interquartile range (IQR) across SEP, distance, diagnostic diﬃculty groups, and period (before or after the introduction of
CPPs) was assessed for the patient interval, the primary care interval,
and the diagnostic interval. To test diﬀerences between groups, nonparametric tests (linear trend among ordered groups [39], MannWhitney Test, and Kruskall-Wallis test) were used.
To investigate the association between travel distance and intervals
using continuous data, linear regression models were applied to predict
the studied intervals as a function of distance to either the GP or the
hospital. Prior to analyses, negative intervals were set at 0 days, and
intervals of more than one year were truncated to 365 days in accordance with the coding rules by the International Cancer
Benchmarking Partnership (ICBP) Module 4 [40].
Each association was estimated univariately and followed by a
second model adjusting for age, sex, education, CCI, and sub-cohort.
Identical analyses were then performed for the three diagnostic diﬃculty groups (easy, intermediate, and hard) for both travel distance to
the GP and to the hospital of diagnosis which is presented in separate
graphs due to large diﬀerences in the distribution of distance to the GP
and distance to the hospital. E.g. 95% of the population lived within
12 km of their GP whereas 95% of the population lived within 85 km of
the hospital. As the unadjusted and adjusted analyses were almost
identical, only the adjusted results are shown. Finally, a stratiﬁed
analysis was conducted to separate the period up to 2009 and the
period from 2010 onwards. This was done to assess if the observed
association was altered over a period during which several organisational changes were implemented in the Danish health care system.
All statistical analyses were performed using Stata software, version
15.0.

3.1. Association between travel distance to health services and time intervals
No associations were observed between the patient’s travel distance
to the GP and the patient interval or the primary care interval for all
cancer types combined (Table 3, Fig. 1a). However, stratiﬁed analysis
showed that after 2010, longer distance to the GP was statistically
signiﬁcant associated with decreasing patient interval (β -0.330, pvalue: < 0.001) (Table 3) and this association was statistically diﬀerent
in the two periods (p-value: < 0.001). No association was observed
between the patient’s travel distance to the hospital of diagnosis and the
primary care interval. There was an association between distance to the
hospital of diagnosis and the diagnostic interval (β 0.09, p-value: <
0.001) (Table 4, Fig. 1b). This indicates that longer travel distance
increased the diagnostic interval, corresponding to an increase of approximately 6 days in the diagnostic interval when comparing a travel
distance of 0 and 80 km. Further analyses showed that this association
was strongest in the period before CPP implementation (< 2010) (β
0.18, p-value: < 0.001) compared to the period after CPP implementation (≥ 2010) (β 0.06, p-value: 0.049) (Table 4, Fig. 2). The
association was statistically signiﬁcantly diﬀerent in the two periods (pvalue: 0.014).
3.2. Association between travel distance to health services and time intervals
according to diagnostic diﬃculty
After stratifying the analyses according to diagnostic diﬃculty,
longer travel distance to the GP indicated shorter patient interval and
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Table 2
Median and interquartile range (IQR) according to socio-demography, travel distance to the GP and hospital of diagnosis, diagnostic diﬃculty groups, time period
before or after CPP for the patient interval, primary care interval, and diagnostic interval.
Patient interval
(n: 13,921*)
Median

Primary care interval
(n: 17,789*)
P-value**

(IQR)

Total
9
Age group, years
18-49
13
50-59
14
60-69
10
70-79
7
≥80
5
Sex
Female
8
Male
9
Education
Low
7
Middle
9
High
13
CCI***
0
10
1-2
7
>2
7
Distance to GP
0-2 km
8
> 2-5 km
9
> 5-10 km
10
> 10 km
7
Distance to hospital of diagnosis
0-10 km
10
> 10-25 km
8
> 25-50 km
8
> 50 km
10
Diagnostic diﬃculty level
Easy
8
Intermediate
9
Hard
8
Cancer Patient Pathways (CPP)
Before (< 2010)
7
After (≥2010)
12

(0-42)

Median

((IQR)

1

(0-17)

< 0.001

Diagnostic interval
(n: 20,195*)
P-value

**

Median

(IQR)

34

(15-78)

31
31
35
36
36

(14-71)
(14-60)
(16-79)
(16-83)
(15-90)

31
37

(14-69)
(17-78)

35
34
34

(15-79)
(15-77)
(15-81)

32
37
43

(15-79)
(15-77)
(15-81)

35
34
35
34

(15-80)
(15-77)
(15-78)
(15-77)

34
35
31
40

(15-78)
(15-81)
(14-73)
(18-86)

27
42
36

(13-56)
(19-99)
(16-81)

38
31

(18-84)
(14-75)

< 0.001

(1-61)
(1-56)
(0-47)
(0-32)
(0-30)

0
0
2
3
2

(0-10)
(0-15)
(0-17)
(0-21)
(0-20)

0
4

(0-13)
(0-21)

2
1
0

(0-19)
(0-17)
(0-14)

1
2
2

(0-16)
(0-18)
(0-20)

1
1
2
2

(0-17)
(0-16)
(0-18)
(0-19)

1
3
1
1

(0-17)
(0-20)
(0-15)
(0-17)

0
6
7

(0-4)
(0-22)
(0-27)

2
1

(0-18)
(0-16)

0.312

< 0.001

< 0.001

(0-42)
(0-42)
< 0.001

< 0.001

< 0.001

(0-35)
(0-43)
(0-54)
< 0.001

0.640

0.001

(0-45)
(0-35)
(0-31)
0.930

< 0.001

0.284

(30.5)
(31.1)
(31.2)
(27.9)
0.384

0.568

0.215

(0-42)
(0-42)
(0-38)
(0-45)
< 0.001

0.006

< 0.001

(0-46)
(0-46)
(0-31)
< 0.001

< 0.001

0.046

(0-31)
(0-49)

P-value**

< 0.001

* Total number of responses.
** P-value, Wilcoxon rank-sum test for sex, Kruskal-Wallis test for diagnostic diﬃculty level. For the remaining variables: NP test for linear trend of the continuous
interval variable.
*** Charlson’s Comorbidity Index score.

with increasing distance (β 0.11, p-value: 0.014) was primarily caused
by patients with ´hard to diagnose´ cancer types (Table 4, Fig. 4), which
indicates an increase in the diagnostic interval of almost 9 days when
comparing a travel distance of 0 and 80 km.

Table 3
The association between distance to the GP and the patient interval and primary care interval.
Distance to GP for*:

Patient interval

Primary care interval

β

P-value

β

0.458

−0.04

0.077

Diagnostic diﬃculty level:
Easy
0.02
Intermediate
−0.09
Hard
−0.03

0.939
0.020
0.426

***

***

−0.06
−0.05

< 0.01
0.052

Time period
< 2010
≥2010

0.352
< 0.01

***

***

***

***

All patients

**

0.03

−0.02
−0.33

**

P-value

4. Discussion
4.1. Main ﬁndings
In this population-based cohort study on travel distances and time
intervals, we found that longer travel distance between the residence of
the patient and the diagnosing hospital was associated with longer diagnostic intervals. This association was primarily driven by cancer
patients diagnosed with cancer types that were hard to diagnose.
Furthermore, this association was strongest in the period before the
implementation of CPPs (< 2010). Longer travel distance to the GP for
patients with ´intermediate to diagnose´ cancer types was associated
with shorter patient interval and shorter primary care interval and after
2010 longer travel distance to the GP was associated with shorter patient interval.

* Travel distance from the patient to the GP.
** Increase in days per increased km to the GP adjusted for sex, age, education, CCI and cohort.
*** Due to low variation in the primary care interval for these groups, this
model did not converge and is omitted.

shorter primary care interval among patients categorised as ´intermediate to diagnose´ (Table 3, Fig. 3). Stratifying the association between the distance to the hospital and the diagnostic interval according
to diagnostic diﬃculty showed that the increasing diagnostic interval

4.2. Strengths and limitations
This study included more than 20,000 cancer patients in the
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Cancer Epidemiology 59 (2019) 115–122

L. Flytkjær Virgilsen et al.

Fig. 2. Travel distance to the hospital and the association with the diagnostic
interval stratiﬁed before (< 2010) and after (≥2010) the CPP. The dashed line
represents the period before the CPP, and the solid line represents the period
after the CPP. Adjusted for sex, age, education, CCI, and sub-cohort. The beta
coeﬃcients and p-values for the adjusted association are shown for each line.

from each patient’s residence to the GP and the diagnosing hospital.
Register data was also used to assess potential confounders, such as SEP
and comorbidity. Residual confounding cannot be ruled out as the association between travel distance and cancer outcomes are complex
[23]. Thus, information on e.g. public transportation and delays due to
traﬃc in urban areas or e.g. complicated travelling due to ﬂights or
ferries could have provided further insights into the association but
these information’s were not available. This would however, probably
aﬀect ´travel time´ more than the actual distance in km, however, in
Denmark few people live in islands or in very remote areas.
Using linear regression to analyse the ﬁndings entails an assumption
on linearity between distance and intervals whereas e.g. cubic spline
analysis allow for non-linear associations. Cubic splines analysis were
explored as well and the results lead to identical conclusions. Cubic
splines does not provide one measure of association i.e. the beta, thus, it
was chosen to present the linear regression.
It was not possible to calculate the distances for patients who were
not listed with a speciﬁc GP or could not be identiﬁed with a diagnosing
hospital in the DNPR [32]. However, this constitutes a small proportion
of the population and is not likely to have aﬀected the results.
Finally, this study is restricted to symptomatic patients as the included intervals only can be assessed for this group. Studies are warranted for the association between travel distance and the diagnostic
process for asymptomatic patients, e.g. patients diagnosed through
screening.

Fig. 1. Travel distance to the GP (a) and the association with the patient interval and the primary care interval. Travel distance to the hospital (b) and the
association with the primary care interval and the diagnostic interval. Adjusted
for sex, age, education, CCI, and sub-cohort. The beta coeﬃcients and p-values
for the adjusted associations are shown in each graph.
Table 4
The association between distance to the hospital of diagnosis and the primary
care interval and the diagnostic interval.
Distance to hospital for*:

Primary care interval

Diagnostic interval

β

P-value

β

**

**

P-value

All patients

0.01

0.639

0.09

< 0.01

Diagnostic diﬃculty level:
Easy
Intermediate
Hard

−0.02
−0.02
−0.05

0.172
0.424
0.078

0.07
0.09
0.11

0.825
0.074
0.014

Time period
< 2010
≥2010

−0.02
−0.01

0.179
0.601

0.18
0.06

< 0.01
0.049

* Travel distance from the patient to the hospital of diagnosis.
** Increase in days per increased km to the hospital adjusted for sex, age,
education, CCI and cohort.

4.3. Interpretations of ﬁndings

analyses and made it one of the largest in the literature. Therefore, this
study achieved high statistical precision. Although the applied methods
were adapted from the Aarhus statement [42], risk of information bias
(especially recall bias) can be a concern for the intervals in the cancer
trajectory [31,43]. However, diﬀerential recall of milestone dates are
not likely to be related to travel distance and may be of minor importance in this study. Selection bias may have aﬀected the ﬁndings as
patient groups with low socio-economic position and morbidity are less
likely to participate in surveys [31]. Still, the Danish registers included
all cancer patients diagnosed in the study period, which ensured that no
patients were excluded a priori. Furthermore, this collection of detailed
patient- and GP-reported measures of milestone dates represents one of
the largest samples in its ﬁeld.
We had access to data from valid and complete Danish registries
[32,33,35]. We obtained the home address of each patient on the date
of diagnosis, and this enabled us to calculate the precise travel distance

Only few studies have previously studied travel distance to health
services and associations with time intervals in the diagnostic process
[17,23,24]. To our knowledge, no previous studies have explored the
intervals in the pre-diagnostic phases, i.e. the primary care interval and
the diagnostic interval.
The results from the sparse literature are generally inconclusive
whit several possible explanations. First, travel distance to cancer facilities may aﬀect time intervals diﬀerently as the intervals require
action by diﬀerent actors [42]. For the patient interval, the primary
actor is the patient and relatives, where travel distance may hamper
health care seeking, as found in one study [17], if longer distance to
health care poses a barrier for the patient. Contrarily, the primary care
interval and the diagnostic interval are largely dependent on action
from health professionals, who could perceive barriers diﬀerently than
the patient. Second, travel distance to diﬀerent health care providers
119
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Fig. 3. Adjusted association between travel distance from the patient to the GP
and the patient interval and the primary care interval* stratiﬁed according to
diagnostic diﬃculty level. The solid line represents the patient interval, and the
dashed line represents the primary care interval. Adjusted for sex, age, education, CCI, and sub-cohort. The beta coeﬃcients and p-values for the adjusted
associations are shown in each graph.
*Due to low variation in the primary care interval for the ´easy to diagnose´
cancer types, this model did not converge and is omitted.

(e.g. primary or hospital care) may aﬀect intervals diﬀerently. This is
supported by the present study, which indicates that the studied intervals were aﬀected diﬀerently by diﬀerent distances, which was also
reported in another study [23].
Health professionals is often guided by patient’s symptoms in the
diagnostic pathway, as the cancer type is not known before a diagnosis
is conﬁrmed. Thus, an important ﬁnding in this study is that the association between travel distance and time intervals was modiﬁed by the
diagnostic diﬃculty of the cancer, which is based on the underlying
symptom. This may also explain the mixed ﬁndings reported for different cancer types [24]. It could by hypothesised that patients presenting with alarm symptoms (i.e. ‘easy to suspect’ cancer types) would
not be aﬀected by prolonged travel distance as both patients and health
professionals more often would have indications of serious illness and
rapidly present, refer, or investigate, whereas patients presenting with
vague or unspeciﬁc symptoms might be more aﬀected by distance. We
saw longer diagnostic intervals in patients with longer distance who
presented with ‘hard to suspect’ cancer types. As longer travel distance
was not associated with the primary care interval in this group, this
result could indicate that the delay was caused by barriers relating to
the transition between sectors or to the diagnostic process at the hospital.
This study demonstrated that the longer diagnostic interval associated with travel distance became less pronounced in the period after
the implementation of CPPs. The focus on cancer control in Denmark
and many European countries has led to several health care changes
during the recent two decades, including the introduction of CPPs [29],
cancer plans in 2000, 2005, and 2010 [44–46], organised screening
programmes for breast cancer (in 2008/09) [47] and colorectal cancer
(in 2014/2015) [48], and cancer awareness campaigns. Although this
study does not provide causal evidence that implementing standardised
CPPs reduces the geographical inequality in the time to diagnosis, the
study does indicate less variation in the diagnostic intervals across
travel distance to health services in a period after introducing health
care reforms aiming to improve cancer control.
The association between travel distance and time intervals in the
diagnostic process is not straightforward [15,23]. It cannot be ruled out
that the measure of distance also incorporates a component of e.g.
cultural diﬀerences. Thus, the perception of distance may diﬀer between countries or between patients living more remotely than patients
living in urban areas. Only few and older qualitative studies exist
[21,22]. More research from various methodological disciplines are
needed to explore diﬀerent perceptions of distance in patients and how
these may aﬀect their help-seeking behavior. Further, as the association
between diagnostic pathways and prognosis is not always clear and
comparable across cancer types, the importance of studies on prognosis
and the impact of travel distance for speciﬁc cancer types are warranted
as well.

5. Conclusion
This cohort study found that the travel distance from the patient’s
residence to the GP was not associated with the time intervals in diagnostic journey in the main analyses. Travel distance to the hospital
was associated with an increase in the length of the diagnostic interval,
with increasing strength for increasing diagnostic diﬃculty. The
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Fig. 4. Adjusted association between travel distance from the patient to the
hospital of diagnosis and the primary care interval and the diagnostic interval
stratiﬁed according to the diagnostic diﬃculty level. The solid line represents
the diagnostic interval, and the dashed line represents the primary care interval. Adjusted for sex, age, education, CCI, and sub-cohort. The beta coeﬃcients and p-values for the adjusted associations are shown in each graph.

association was reduced over time concurrently with structural changes
in the health care system.
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