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Abstract

Objectives: This study examined whether sociodemographic factors, including dis-

tance to hospital, were associated with differences in the diagnostic interval and the

treatment interval for colorectal cancer in northern Sweden.

Methods: Data were retrieved from the Swedish cancer register on patients

(n = 446) diagnosed in three northern regions during 2017–2018, then linked to data

from Statistics Sweden and medical records. Also, Google maps was used to map the

distance between patients' place of residence and nearest hospital. The different

time intervals were analysed using Mann–Whitney U-test and Cox regression.

Results: Differences in time to diagnosis were found between groups for income and

distance to hospital, favouring those with higher income and shorter distance. The

unadjusted regression analysis showed higher income to be associated with

more rapid diagnosis (HR 1.004, CI 1.001–1.007). This association remained in the

fully adjusted model for income (HR 1.004, CI 1.000–1.008), but not for distance. No

differences between sociodemographic groups were found in the treatment interval.

Conclusion: Higher income and shorter distance to hospital were in the unadjusted

models associated with shorter time to diagnosis for patients with CRC in northern

Sweden. The association remained for income when adjusting for other variables

even though the difference was small.
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1 | INTRODUCTION

Income and education are important determinants of health

(Lindstrand, 2006); thus, lower socio-economic position is associated

with poorer health outcomes for many diseases, including cancer

(Dalton et al., 2008; Kivimäki et al., 2020; Sommer et al., 2015).

Patients with lower socio-economic positions are more likely to be

diagnosed with colorectal cancer (CRC) at a late stage, have

poorer health outcomes and lower cancer survival (Dalton

et al., 2019; Feller et al., 2018; Finke et al., 2021; Frederiksen

et al., 2009). Longer distance to hospital is associated with increased

time to diagnosis for cancer in general (Flytkjær Virgilsen et al., 2019),

and worse health outcomes for patients with CRC (Beckmann

et al., 2016).
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CRC often presents with symptoms that are ambiguous and com-

mon among the general population, which can influence the time to

diagnosis and make it difficult to both suspect and expediently diag-

nose affected individuals (Adelstein et al., 2011; Hamilton et al., 2009;

Walter et al., 2016). In the literature, time to diagnosis contains vari-

ous intervals between certain events within patients' care trajectories,

which may be interrelated but also alone represent a specific actor's—

patient, doctor or system—accountability for that specific part of the

diagnostic process. The total interval (i.e., from first symptom appear-

ance to treatment start) covers a broad period including several time-

intervals in which the patient interval, that is, time from first symptom

to first healthcare visit is one of them, and the diagnostic interval (DI),

that is, time from first symptom presentation in healthcare to diagno-

sis and treatment interval (TI), that is, time from diagnosis to start of

treatment are others (Weller et al., 2012). When symptoms are ambig-

uous it may result in a prolonged DI, which in turn can potentially

result in poorer health outcomes and higher mortality (Neal

et al., 2015; Redaniel et al., 2015; Tørring et al., 2013; Tørring

et al., 2017), possibly due to that longer DIs seems to be associated

with more advanced CRC (Tørring et al., 2017). However, while socio-

economic positions seem to influence cancer health outcomes

(Barclay et al., 2021; Feller et al., 2018), the association between

socio-economic positions and DI is not well established.

The setting of the present study in northern Sweden is heteroge-

nous, characterised by abundant rurality with long distances to health-

care services, combined with urban areas where the availability of

such services is greater, which makes the setting of this study particu-

larly interesting since it captures the extremities. Additionally, since

CRC is a common cancer disease, and since the incidence is quite sim-

ilar among women and men (Ferlay et al., 2018), it is appropriate to

examine the influence of socio-economic disparities on time to diag-

nosis and treatment for this cancer disease, as one way to scrutinise

healthcare's management. For these reasons, the aim of this study is

to examine whether sociodemographic factors, including distance to

hospital, are associated with differences in the DI and the TI for CRC

in northern Sweden.

2 | METHODS

2.1 | Design and setting

This study is a retrospective cohort study that took place in

three northern regions out of Sweden's 21 regions, namely, Region

Jämtland Härjedalen (RJH), Region Västerbotten (RVB) and Region

Västernorrland (RVN). The northern part of Sweden is geographically

large but sparsely populated, encompassing challenges with accessing

and delivering healthcare. The population in the tree northern regions

included in this study was 647,893 during 2019, and the population

density was 5.18/km2 the same year, compared with 25.4/km2 for

Sweden as whole (statistikdatabasen SCB, n.d.).

When this study was conducted, there was no screening for CRC

in the study regions. However, Sweden, among other countries, has

during recent years invested in Standardized Cancer Patient Pathways

(CPPs) in primary and secondary care, with the intention to shorten

time to diagnosis and treatment and decrease regional differences in

management of cancer (Wilkens et al., 2016). The CPP for CRC was

introduced in Sweden during 2016 and includes allocated time frames

for diagnostic events leading up to diagnosis and treatment. Primary

care is most often patients first instance of care, as well as the main

gateway for accessing secondary care. On referral, most patients are

given an appointment in secondary care within 90 days based on the

Swedish Healthcare Guarantee (Vårdgaranti in Swedish) (Health and

Medical Act, 2017, p. 80). However, following the guidelines from the

introduction of CPP, the numbers of days for a specialist appointment

for a patient with well-founded suspicion of CRC has been greatly

reduced and is specified to 10 days (Regional Cancer Center, n.d.).

The Swedish healthcare system is decentralised, publicly funded

and ensures healthcare for all residents. Besides the publicly financed

healthcare system, some private healthcare services exist. Which pri-

mary healthcare centre (PHC) the residents want to receive care from

is free of choice. In RJH there exists 26 PHCs and one hospital, in

RVB: 38 PHCs and three hospitals and in RVN: 31 PHCs and three

hospitals (numbers from 2021).

2.2 | Data collection and study population

All patients who were reported in the Swedish Cancer Register (with

98% coverage) with incident CRC during the study period in the study

regions were included in this study. Each study region has joint sys-

tems for Electronic Medical Records (EMRs) for primary and second-

ary care; however, four healthcare providers in RVB have a separate

system; thus, patients receiving care from these healthcare providers

were excluded. Also, patients diagnosed in other regions than their

region of residence were excluded, which in previous projects have

been shown to be few, <1%. Thus, approximately 97% of the total

number of the eligible patients from the study regions were included

in the study and had their data retrieved from the Swedish cancer reg-

ister. No other exclusion criteria were undertaken. The sample size of

the study was based on a power analysis including standard deviations

(SD = 137) from our previous research where our primary outcome

was the reduction of time interval from the first visit with the physi-

cian to diagnosis. To detect a difference of 10 days between two sam-

ples (significance level 5%, power 80%) where a smaller difference

was judged not to be clinically relevant, a total of 320 patients was

needed.

Firstly, cases were identified though the Swedish Cancer Register;

thus, data were retrieved on all incident CRC patients with primary

CRC tumours (n = 447) diagnosed during 1 year (2017-07/2018-06)

in the three included regions. Secondly, reviews of these patients'

EMRs were performed by one physician from each region, including

data from primary and secondary care. Thirdly, Google maps was used

to map the distance between the patients' place of residence and their

nearest hospital. Lastly, the data set was combined with data from

Statistics Sweden (SCB), which consist of data on socio-economic and
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demographic parameters. Of the 447 eligible patients retrieved from

the cancer register, one person was excluded from the data set due to

having an unreasonable number of days (6230 days) from first contact

with care to diagnosis.

2.3 | Outcome variables

The study outcomes were defined as (i) time (in days) from first pre-

sentation/clinical appearance to diagnosis, that is, the DI (in our data:

time from first appointment with physician to diagnosis), and (ii) the

time (in days) from diagnosis to start of treatment, that is, the TI.

The dates of diagnosis were retrieved from the EMRs, that is, the

first date when a clinician diagnosed the patient with CRC, that is,

when it is clinically obvious that the patient suffers from CRC, and this

is what clinicians report to the Swedish Cancer Register. A clinical

diagnosis could be based on a clinical examination (e.g., colonoscopy),

radiology, findings at an operation etc. The date when a treatment

was initiated, that is, decided upon, which include palliative care treat-

ments. However, 20 patients had no date for start of treatment regis-

tered. In those cases, we used the date of when it was decided that

the patient should undergo a certain treatment, including palliative

care treatments. The date for deciding upon treatment was missing

for three patients (0.7%).

2.4 | Exposure variables

The exposures of the study were socio-economic and demographic

parameters, such as income, education and distance from residence to

closest hospital, as well as age and sex. The income variable was

dichotomized across the median into low income (<166,200 SEK/

year ≈ 16,500 €/year) versus high income. The education variable was

dichotomized as short education (completed elementary school, or

completed elementary school and high school), and long education

(completed post-high school education, e.g., university education).

The variable distance to closest hospital was dichotomized across the

80th percentile, defined as long distance (>57 km, i.e., ≥P80), and short

distance (<P80, i.e., all others). Presenting categorical results often

facilitates the interpretation (Naggara et al., 2011); however, in the

regression analyses the continuous variables for income and distance

were used. Furthermore, the variable tumour localisation was dichoto-

mized into right tumour (tumour in the right side of the colon), and

left/rectum tumour (tumour in the transverse or left side of the colon

including rectum or unspecified localisation).

2.5 | Analyses

The majority of the data was skewed, which required us to use non-

parametric methods. Normality of the data were assessed using

Skewness–Kurtosis test, and by visual inspection of the histograms.

We applied the Mann–Whitney U-test to examine differences

between the groups. Since age was normally distributed, differences in

mean age were analysed by one-way ANOVA. Also, to examine the

relationship between our categorical variables we applied Pearson's

Chi-squared Test. Furthermore, since our data were skewed, but all

cases in our data had a diagnosis date, and the great majority had a

date when treatment was initiated, we applied Cox-regression to be

able to analyse time to diagnosis and treatment while adjusting for

other variables (Vach, 2013). By applying Cox-regression, we could

analyse the number of observed events (diagnoses and initiated treat-

ments respectively) per observed time unit (DI, TI), which provides us

with a measure of the number of events per time unit and can be inter-

preted as time to diagnosis. Also, we assessed the assumption of pro-

portional hazards with regression of Schoenfeld residuals against time

and found that no significant violations of the assumption were made.

However, when we assessed the assumption of linearity of proposed

continuous independent variables in the regression models, we found

the association between continuous age and DI to show signs of non-

linearity, resulting in age being included as a categorical variable based

on quartiles in the regression. Lastly, we performed sub-group analyses

for those who had primary care as their first healthcare contact.

Statistical significance for all analyses were defined at p < 0.05,

with 95% confidence interval. Analyses were performed using IBM

SPSS Statistics ver. 24, and the assumption of proportional hazards

was checked with R ver. 4.0.5. Ethical approval was granted from the

regional ethical review board (Dnr. 2018/305–31), and all analyses

were performed at a secure platform provided by SCB.

3 | RESULTS

A total of 446 patients fulfilled the inclusion criteria and are thus

included in this study; Figure 1 specifies the included patients' first

contact with healthcare.

3.1 | Time to diagnosis and treatment—Differences
between groups of sociodemographic and clinical
parameters

Table 1 offers a description of the characteristics of the cohort, and

Table 2 presents an overview of the cohort and differences between

groups of socio-economic and demographic parameters, that is,

income, education and distance to hospital.

3.1.1 | Diagnostic interval

Our analysis showed no differences in time intervals when we compared

education groups, but we found differences in the DI when we com-

pared income and distance to hospital. Patients in the high-income group

had a shorter DI compared with patients in the low-income group,

24.5 days (IQI 8.0–56.5) compared with 39.5 days (IQI 13.3–92.0)

(p 0.004). Similarly, patients with short distance to hospital had a shorter
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DI compared patients with long distance to hospital, 27 days (IQI 8.0–

74.0) compared with 39 days (IQI 15.0–76.5) (p 0.037) (Table 2).

When performing the Cox regression analysis, the unadjusted

analysis showed that having higher income is associated with being

more rapidly diagnosed (HR 1.004, CI 1.001–1.007, p 0.020). This

association remained when adjusting for age and sex, and in the fully

adjusted model (HR 1.004, CI 1.000–1.008, p 0.034) (Table 3).

Additionally, we found associations between age and tumour

localisation and the DI in the adjusted analysis. Patients with tumours

on the left side of their colon, or in rectum, were more rapidly diag-

nosed than those with tumours on the right side of their colon

(HR 1.359, CI 1.099–1.681, p 0.005), and patients aged between

67 and 73 were the age group with the most rapid time to diagnosis

(HR 1.470, CI 1.120–1.930, p 0.005) (Table 3).

3.1.2 | Treatment interval

As seen in Table 2, no differences were found in the TI when specifi-

cally comparing groups with different income, education and distance

to hospital, nor did we find any association in the regression analysis

regarding income, education and distance to hospital (Table 4).

However, we found an association between tumour localisation

and the TI. Patients with tumours on the left side of their colon, or in

rectum, had in the adjusted model longer time to start of treatment

than with tumours on the right side of their colon (HR 0.707, CI

0.572–0.875, p 0.001) (Table 4).

3.2 | Sub-group analysis—Primary care as first
healthcare contact

Of the 446 patients in the total sample, 313 patients (70.2%) had pri-

mary care as their first healthcare contact during their trajectory

(Table 1). This unadjusted sub-group analysis showed, as expected,

that patients who seek primary care as first instance, have more days

to diagnosis compared with those who have emergency care or sec-

ondary care as first healthcare contact. Patients who seek primary

care as first instance have 33 days to diagnosis (IQI 14.0–83.5), com-

pared with 19 days for the others (IQI 2.0–63.0) (p < 0.005) (further

data not presented).

4 | DISCUSSION

This study examined if sociodemographic factors, including distance

to hospital, is associated with the DI and TI for patients diagnosed

with CRC in northern Sweden. Our results showed minor differences

in the DI based on income and distance to hospital; however, the dif-

ferences for distance did not remain in the fully adjusted model.

Income is known to be an important determinant of health

(Lindstrand, 2006). The results from the fully adjusted models in our

study showed an association, yet small, between income and DI, but

no association between income and TI. A Norwegian study, examining

waiting time or access to treatment for patients with CRC in an emer-

gency care context, found no association with income. However, the

same study report that people with higher income are less likely to

present with CRC in emergency care, insinuating that income do influ-

ence the CRC diagnostic process. (Nilssen et al., 2021).

In our study, education did not independently influence the DI

and TI, which might be interpreted as being in contrast to results

reported in other studies; nevertheless the other studies have admit-

tedly analysed the association between socio-economic factors and

stage at diagnosis and CRC survival (Coughlin, 2020; Egeberg

et al., 2008; Finke et al., 2021; McDaniel et al., 2017; Rosskamp

et al., 2021), and factors related to survival might differ from those

related to time to diagnosis and treatment. However, one study, even

though performed in a socioeconomically disadvantaged area, reports

F IGURE 1 Flowchart with
patients' first healthcare contact
specified
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no strong associations with socio-economic factors (Barclay

et al., 2015), which is similar to our findings. In general, education is

widely known for being associated with better health outcomes

(Hahn & Truman, 2015; Lindstrand, 2006; Luy et al., 2019; The Lancet

Public, 2020), therefore, that our study did not find an association

with education is somewhat surprising. Furthermore, our results

showed that patients aged 67–73 have a short DI than the other age

groups. This association is probably explained by that CRC is less

TABLE 1 Characteristics of the study sample

All

n (%) Mean/median CI/IQI Range

n 446 (100)

Age (year)a 72.3 71.3–73.3 37–93

Sex n (%)

Female 194 (43.5)

Male 252 (56.5)

Diagnostic interval (days)b 436 (97.8) 29.0 9.0–74.0 0–673

Treatment interval (days)b 443 (99.3) 32.0 20.0–48.0 0–510

Distance to nearest hospital (km)b 446 (100) 18.0 5–49 1–248

Education n (%)

Short 325 (72.9)

Long 104 (23.3)

Income n (%)

Low 216 (48.4)

High 216 (48.4)

First care contact n (%)

Primary care 313 (70.2)

Secondary care (not emergency) 64 (14.3)

Emergency care 61 (13.7)

Investigation in emergency care (EC) n (%)

No contact with EC 263 (59.0)

Initially referred to EC 75 (16.8)

Patient initially seeks EC 65 (14.6)

EC after investigation has started in primary care 38 (8.5)

Tumour stage n (%)

Tx without metastasis 11 (2.5)

T1-T2 without metastasis 76 (17.0)

T3-T4 without metastasis 126 (28.3)

Tx, T1-T 4 with metastasis to lymfo-node 128 (28.7)

Tx, T1-T4 with remote metastasis 85 (19.1)

Tumour localisation n (%)

Right colon 143 (32.1)

Left colon 126 (28.3)

Rectum 141 (31.6)

Transversum 34 (7.6)

Unspecified 2 (0.4)

Note: Low income defined as <median income (166,200 sek/year ≈ 16,500 €) and High income defined as >median income. Short education was defined

as completed elementary school, or elementary school and high school, whereas Long education was defined as post-high school education, for example,

university education. Long distance was defined as the 20% with the longest distance to hospital (57–248 km), whereas Short distance was defined as

having <57 km to nearest hospital. Tumour staging according to TNM stageing, Tx = unspecified stage.
aValues presented are means with confidence intervals (CI).
bMedian values with Inter Quartile Interval (IQI).
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prevalent in the younger age group and that older patients sometimes

have a prolonged DI due to comorbidities, which possibly influence

the awareness within the healthcare organisation.

While the association between DI and distance to hospital found

in this study did not remain in the fully adjusted models, scholars

report inconsistency of findings. Flytkjær Virgilsen et al. report that

longer distance to hospital increase the DI for some cancers, espe-

cially for those cancers that are more difficult to diagnose (2019).

Research from Scotland suggest that rural living does not lead to an

increased DI for cancer in general (Murchie, Adam, et al., 2020), and

rural primary care practitioner initiated diagnostic action within the

system just as likely when comparing with their urban counterparts in

a European setting (Murchie, Khor, et al., 2020). However, Bergin

et al. (2018) report that rural living is associated with longer time to

diagnosis and treatment for CRC in Australia (Bergin et al., 2018).

Interestingly, another study from Scotland reports that patients with

longer distance to healthcare have shorter DI and TI compared with

those living closer to healthcare facilities (Turner et al., 2017). Addi-

tionally, a study comparing travel times to healthcare facilities in

Denmark and Scotland for patients diagnosed with CRC report that

travel times seems to influence health outcomes differently in the two

countries (Murchie et al., 2021).

The underlying mechanisms of diagnosing cancer, measuring time

intervals and analysing the contextual effect are multifaceted, influ-

enced by patient, provider and organisational factors. Consequently, it

is not suspiring that inconsistent findings have been reported when it

comes to time to diagnosis for patients with CRC (Golding

et al., 2020), stemming from different definitions of time intervals and

biases related to time intervals (Neal, 2009; Weller et al., 2012), fac-

tors influencing time intervals (Golding et al., 2020), as well as the

TABLE 3 Hazard ratios of diagnoses per observed time unit for diagnostic interval

Unadjusted Model 1 Model 2

HR 95% CI p HR 95% CI p HR 95% CI p

Incomea 1.004 1.001–1.007 0.020 1.004 1.001–1.008 0.019 1.004 1.000–1.008 0.034

Distance in km 0.998 0.955–1.000 0.054 0.997 0.955–1.000 0.031 0.998 0.995–1.000 0.060

Long education 1.018 0.814–1.273 0.876 1.014 0.809–1.271 0.901 0.987 0.780–1.249 0.914

Left colon/rectum tumour 1.336 1.092–1.636 0.005 1.334 1.083–1.642 0.007 1.359 1.099–1.681 0.005

Men 1.124 0.929–1.360 0.229 na 1.158 0.949–1.412 0.149

Age (ref > 81) 0.096 na 0.036

<66 1.222 0.934–1.598 0.144 1.093 0.823–1.452 0.538

67–73 1.394 1.068–1.820 0.014 1.470 1.120–1.930 0.005

74–80 1.128 0.860–1.479 0.383 1.171 0.884–1.552 0.271

Note: Hazard ratios (HRs) represent being diagnosed. HR = Hazard ratio; CI = 95% confidence interval; bold type indicates significant p values. Reference

categories: Short education (completed elementary school, or completed elementary school and high school); right colon tumour; women; age > 81 years.

Model 1: Adjusted for age and sex. Model 2: adjusted as model 1 plus for income, distance, education and tumour localisation.
aIncome per 10,000 SEK (≈1000 EUR).

TABLE 4 Hazard ratios of initiated treatments per observed time unit for treatment interval

Unadjusted Model 1 Model 2

HR 95% CI p HR 95% CI p HR 95% CI p

Incomea 1.002 0.998–1.005 0.440 1.001 0.997–1.005 0.626 1.001 0.997–1.005 0.571

Distance in km 1.000 0.997–1.002 0.750 1.000 0.997–1.002 0.790 1.000 0.997–1.002 0.893

Long education 0.968 0.774–1.210 0.773 0.936 0.745–1.176 0.570 0.919 0.727–1.162 0.482

Left colon/rectum tumour 0.725 0.592–0.888 0.002 0.711 0.577–0.877 0.001 0.707 0.572–0.875 0.001

Men 0.911 0.754 1.099 na 0.986 0.809–1.202 0.889

Age (ref > 81) 0.344 na 0.233

<66 1.070 0.819–1.397 0.621 1.126 0.845–1.499 0.418

67–73 0.846 0.648–1.105 0.220 0.851 0.646–1.122 0.253

74–80 0.986 0.752–1.293 0.920 0.925 0.696–1.228 0.589

Note: Hazard ratios (HRs) represent initiated treatments. HR = Hazard ratio, CI = 95% confidence interval; bold type indicates significant p-values.

Reference categories: Short education (completed elementary school, or completed elementary school and high school); right colon tumour; women; age

>81 years. Model 1: Adjusted for age and sex. Model 2: adjusted as model 1 plus for income, distance, education and tumour localisation.
aIncome per 10,000 SEK (≈1000 EUR).
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variety of contextual factors (Dobson et al., 2020). Furthermore, inter

alia, patients' age (Esteva et al., 2014), interpretation of bodily

changes, availability healthcare services, travel time and poor access

to public transport are all factors that influence help-seeking behav-

iours (Carriere et al., 2018; Emery et al., 2013), which in turn might

influence patients' health outcomes (Carriere et al., 2018). Also, the

impact of rurality may be difficult to address and interpret, perhaps

since rurality differs immensely between countries, settings and popu-

lations (Dobson et al., 2020). In a study from the United Kingdom,

long travel time was defined as >30 min (Murage et al., 2019), while in

our data, patients travelled up to 250 km, which would take approxi-

mately 3 h, consequently, the preconditions across different settings

varies vastly. Thus, comparing results across different settings and

contexts is challenging, considering the variety of influencing factors

and underlying mechanisms.

Since the present study was conducted only shortly (1–2 years)

after the introduction of CPP, it is rather unlikely that this result is a

consequence stemming from the new CPP reform. However, even

though CPPs may theoretically counterbalance socio-economic dis-

parities, insights from other countries show that people with lower

income, older age and female sex seem to be less likely referred into a

standardised pathway (Nilssen et al., 2020; Zhou et al., 2018). Addi-

tionally, a recent study from another Swedish region conclude that

CPP does not seem to improve the prognosis for patients diagnosed

with CRC (Andersson et al., 2021).

4.1 | Strengths and limitations

This study has strengths that we want to highlight. Firstly, the Swed-

ish cancer register has almost a 100% coverage. Secondly, we argue

that this study examined a geographic area that is quite unique since

it encompasses areas of great rurality, but at the same time have

larger urban cities. Thus, this study provides results from a very mixed

milieu with very different kinds of challenges related to organising

and providing healthcare services, as well as it includes the differences

that people in these regions face when seeking and accessing health-

care. Lastly, that our results showed an expected association between

tumour localisation and time to diagnosis reinforces the internal valid-

ity of our results.

However, there are some limitations that merit comments. First

off, that we have used the distance from residence to closest hospital

instead of closest PHC could be seen as a limitation. However, since

Sweden's citizens can choose which PHC they want to be listed at

and we do not know which PHC they have chosen; thus, we argue

that using the distance to hospital was the most suitable option in the

present study. Secondly, our results might be limited since only some

variables of importance for socio-economic inequities could be

included in the analyses. Thus, we call for more extensive research

that includes further variables and that also address intersectionality

from a social epidemiological perspective. Thirdly, even though

dichotomized variables facilitate interpretation, it might risk loss of

power and information; we chose to present dichotomized variables

in the initial analysis. However, in the regression analyses, the vari-

ables (except age) were used, and presented, as continuous. Forth,

even if this is a study that consists of all incident CRC patients, during

1 year, it is possible that no statistically significant differences were

found in the adjusted models due to lack of power. To gain power by,

for example, extending the study period might generate different

results. However, the sample size of this study was based on a power

analysis from our previous research. Nevertheless, we call for more

research in the study regions. Lastly, due to time intervals not being

normally distributed, comparing mean time intervals is not a

completely suitable method, and the use of Cox regression is uncon-

ventional in this setting, especially considering that we have no lost

participants at follow-up. Furthermore, Cox regression does not allow

for a comparison across the whole distribution of length of the time

interval. Nonetheless, since our data were skewed, and we wanted to

adjust for multiple exposures and covariates we found Cox regression

to be an appropriate statistical method to investigate our data. This

because Cox regression closely resembles parametric models

(Kleinbaum & Klein, 2005); furthermore, no violation of the propor-

tional hazards was made.

5 | CONCLUSION

Higher income and shorter distance to hospital were in the unadjusted

models associated with shorter time to diagnosis for patients with

CRC in northern Sweden. The association remained for income when

adjusting for other variables even though the difference was small.
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