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Abstract

Background: Lung cancer is one of the most common cancer types worldwide. The significance of the individual socio-eco-
nomic position on the delay in lung cancer diagnosis has not been properly investigated. The purpose of this nationwide popu-
lation-based study is to examine the association between position and the length of the primary investigation for lung cancer.

Materials and Methods: This register study was based on all lung cancer patients in Denmark who were diagnosed in 2012 to
2017, in total 28,431 patients. We used a multivariate logistic regression model and multivariate zero-inflated negative binomial
model to estimate the effect of education level, family income, difficulty of transport, and cohabitation status on the length of the
primary investigation.

Results: We found that the patients’ income, difficulty of transport, and cohabitation status were associated with the length of
the primary investigation. The chance of carrying out the investigation process within 24 days is higher for patients with a high
income (adjusted OR= 0.86 with 95% CI (0.81; 0.91)), lower for patients with troublesome transport (adjusted OR= 0.67 with
95% CI (0.61; 0.72)), and lower for patients living alone (adjusted OR= 0.93 with 95% CI (0.88; 0.99)).

Conclusion: Several socio-economic factors are associated with the length of the primary lung cancer investigation. To ensure
that all patients receive the most appropriate health care and to avoid extra investigation time, clinicians may pay extra attention
to patients who are less fortunate due to low income, troublesome transport to the hospital, or living alone.
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Background
Lung cancer is one of the most common cancer types world-
wide. In 2022, lung cancer has become the most frequent and
lethal cancer in Denmark, with almost 4000 people dying annu-
ally.1 In general, the lung cancer prognosis is poor with a 5-year
survival of approximately 18%2 it accounts for 1.76 million
deaths worldwide per year.3 The 5-year survival rate for
patients with metastatic non-small cell lung cancer is close to
zero4 and median overall survival after standard first-line treat-
ment is only 7 to 10 months.4,5 Several studies show that socio-
economic deprivation is associated with reduced survival and
lower treatment rate.6,7

The Danish healthcare system provides free and equal
access to cancer treatment for all patients, but socio-economic

deprivation still has a significant effect on cancer survival and
access to treatment.8–10
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A few studies have examined the effect of the socio-economic
position on lung cancer treatment using Danish data, but they
focused primarily on cancer survival.11,12 Patients’ socio-economic
position may also have an impact on the quality of the diagnostics
and treatment and the time to diagnosis and treatment.13–15 To
address this, the Danish National Board of Health has launched
cancer care pathways, in which the maximum time interval for
the primary investigation is defined.16 The underlying pattern of
how socio-economic position can influence the length of primary
investigation may be complex and include a combination of
factors. Bringing these factors into focus will help to identify vul-
nerable lung cancer patients who benefit from extra support.

Methods

Aim and Design
The purpose of this nationwide population-based retrospective
study is to investigate whether the time length of the primary
investigation for lung cancer is longer for patients with a low
position than for patients with a high socio-economic position.

Data
Using the Danish Lung Cancer Registry (DLCR) we identified
patients who were diagnosed with lung cancer in the period
2012 to 2017. Since 2000, the DLCR17 has monitored and eval-
uated the quality of treatment of all registered Danish patients
with lung cancer. All departments involved in the diagnosis
and treatment of lung cancer in Denmark participate in DLCR
and are responsible for the validation and supplementation of
data. The database contains data describing the patients’ charac-
teristics, the diagnosis and treatment procedures, comorbidity,
and survival.

Using a unique civil registration number the patient’s data
from DLCR was linked to the Income Statistics Register17,18

to obtain information on the patient’s cohabitation status,
income, place of residence, and the highest level of education
at the time of the cancer diagnosis.

Variables Definitions
Exposure. We defined four factors related to the person’s socio-
economic position: (i) education, (ii) income, (iii) transport to
the primary investigating or treating hospital, and (iv) cohabita-
tion status.

The variable education is defined as “short” if the patient’s
highest level of completed education corresponds to primary
school and “high” if the patient’s highest level of completed
education is higher than primary school. Income is calculated
using the family income in the year the patient was diagnosed
with lung cancer, adjusted for the number of persons in the
household. Variable income is defined as low and high by the
median. Transport to the primary investigating or treating hos-
pital is calculated using information about the distance from the
patient’s place of residence to the primary investigating or

treating hospital and the duration time for transport from the
patient’s place of residence to the primary investigating or treat-
ing hospital. Variable transport is defined as easy if the distance
is less than 150 km and the duration is less than one and a half
hours and difficult if otherwise. The patient’s cohabitation
status is defined as living with a partner, irrespective of
marital status, or living alone. Information about a person’s
family status was included in the Danish central register in
2013, so all analyses for that exposure were performed only
on patients who were diagnosed with lung cancer in the
period 2013 to 2017.

Outcome. In 2009, The Danish National Board of Health estab-
lished the cancer care pathways. The cancer care pathways state
that the time length of the primary investigation should not
exceed 24 days. Therefore, the primary outcome measurement
of this study is defined as the primary investigation time con-
structed as 0 if the time interval does not exceed 24 days and
1 if otherwise. The start of the primary investigation is
defined as the date of referral to the investigation (date of diag-
nosis) and the end of the primary investigation is defined as the
date of the treatment decision. The second outcome measure-
ment that was investigated in this study was defined as the
primary investigation in days. The variable is constructed as a
count variable indicating the number of days from start to end
of the primary investigation.

Potential Confounders. We defined the following possible con-
founder variables. Age, low age is younger than 70 years,
which is the mean age for the patient population, and high age
is older than the mean age for the patient population. Sex, as
female versus male. Pathology, as NSCLC for patients with non-
small cell lung cancer and SCLC for patients with small cell lung
cancer. Clinical tumor stage in four groups (I–IV) according to
the TNM classification. Comorbidity was calculated using the
Charlson comorbidity index (CCI) on comorbidity records
5 years prior to the lung cancer diagnosis: 0 as CCI score of
0 and 1 as CCI score bigger than 0.20 Alcohol misuse, as yes if
the patient has had alcohol-related diagnoses within 5 years
prior to lung cancer and otherwise as no.19 Psychiatric disorders,
as yes if the patient has had at least one diagnosed psychiatric dis-
order within 5 years prior to lung cancer, and otherwise as no.
Performance score (PS): 0 as PS score of 0, 1 as PS score of 1,
and 2 as PS score >1.

Statistical Analyses
The following analyses will be performed separately for differ-
ent factors of socio-economic status.

We calculated the proportions of persons for whom the
primary investigation time does not exceed 24 days, for the
exposed and unexposed cohorts. Logistic regression models
were used to estimate the effect of vulnerable socio-economic
factors on the primary investigation time. To estimate the
effect of vulnerable socio-economic factors on the count
outcome variable: primary investigation in days, we fitted a
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zero-inflated negative binomial models.21 All analyses per-
formed using STATA version 17.0

Results
A total number of 28,431 patients were registered in the DLCR
and were examined primarily within the study period from 2012
to 2017. Table 1 includes descriptive information on all patients
who had completed the primary examination.

Descriptive Analyses
Of the study population, we had information about education on
27,741 patients.

About 38% of these patients had a long education.
Approximately 54% of the patients with a short education
and only 35% of the patients with a long education were
younger than 70 years at the time of lung cancer diagnosis.
More than 55% of the patients with a short education were
women and only 40% were women among the patients with a
long education. More than 58% of the study population had a
high income. 56% among those were younger than 70 years
at the time of lung cancer diagnosis whereas only 35%
among the patients with low income were younger than 70
years at the time of lung cancer diagnosis. Fewer patients
with a high income had a high PS (35% of patients with a
high income had a PS > 1 vs 45% of patients with a low
income) and fewer patients with a high income had comorbidity
(52% of patients with a high income vs 62% of patients with a
low income). A total number of 13,186 patients were not living
alone, whereas 10,507 patients were living alone at the time of
lung cancer diagnosis. Data showed that more patients older
than 70 years were living alone (57% of patients living alone
were older than 70 years vs 51% of patients not living alone).
More women were living alone (60% of patients living alone
were women vs 42% of patients not living alone). More patients
living alone had a high PS (44% of patients living alone had a
PS > 1 vs 34% of patients not living alone). More patients living
alone had alcohol misuse (3% of patients living alone vs 1% of
patients not living alone) and more patients living alone had a
psychiatric diagnosis (4.5% of patients living alone vs 1.6%
of patients not living alone). Only 3819 (13%) patients of the
study population had difficult transport. Apparently, fewer
patients with difficult transport had an advanced tumor stage,
43% of patients with difficult transport had a tumor stage
equal to IV versus 48% of patients with easy transport.

Model-Based Analysis
The results of the logistic regression analysis for estimating the
effect of vulnerable factors on the primary investigation time
are illustrated in Table 2. Estimates from adjusted analyses
showed that the level of education does not affect performing
lung cancer examination within 24 days (estimated odds ratio
(OR)= 1.05 with 95% confidence interval (CI) (0.99; 1.11)).
We found that the chance of carrying out the investigation

process within 24 days is significantly higher for patients
with a high income (adjusted OR= 0.86 with 95% CI (0.81;
0.91)). Both adjusted and crude analyses showed that trouble-
some transport was significantly connected to a lower chance
of carrying out the investigation process within 24 days
(adjusted OR= 0.67 with 95% CI (0.61; 0.72)). Estimates
from the adjusted analysis showed a small and borderline neg-
ative significant effect of living alone status on the chance to
carry out the examination process within 24 days (adjusted
OR= 0.93 with 95% CI (0.88; 0.99)).

Estimates of the effect of vulnerable social factors on the count
outcome variable—primary investigation in days—confirm the
results from the logistic regression analyses (see Table 2).
Estimates from the adjusted analysis showed that the investigation
process took fewer days for patients with a high income and that
the investigation process took significantly fewer days for patients
whohad easy transport to the investigation hospital. The estimated
effects of education and cohabitation status are not significant.

Discussion
Thegoal of this studywas to investigatewhether the socio-economic
position of lung cancer patients influenced the length of the primary
examination for lung cancer. We investigated the effect of four
socio-economic factors: education, income, troublesome transport
to the investigating hospital, and cohabitation status. We found
that the vulnerable patients at risk for having prolonged time of
the primary examination were characterized by having low
income, living alone, andbeing far from the hospital. This studypro-
vides updated evidence of patient-related factors that may influence
the length of the primary examination.

We did not find an association between education level and
the primary examination, which is a line with some previous
studies.22,23 However, research conducted in Bangladesh24

and India25 suggested that high educational level was associated
with shorter primary examination intervals. This could be
because of a different definition of education groups, in
Denmark 9 years of school education is mandatory, so we con-
sider 9 years of education as low, whereas the population in
Bangladesh has a low literacy level and more than 5 years of
education is considered as high.

In agreement with previous studies,24,26 we observed that
income vulnerability has a negative effect on the length of the
primary examination, even after adjusting for confounders asso-
ciated with income. It means that for patients with a low
income, it takes a longer time from the start of the investigation
process to the decision on treatment, compared to that for
patients with a high income. A possible explanation could be
differences in communication between patients and healthcare
professionals.27

Previous studies28,29 have shown that patients with low SEP
did not engage actively in consultations and did not receive the
same degree of information on treatment. Limited health liter-
acy will make considerations of potential benefits and harms
of treatment more difficult, and thus cause a delay to treatment.

Iachina et al 3



Table 1. Study Populations’ Baseline Characteristics by Factors Related to the Person’s Position.

Education Income Living alone Transport

Short Long Low High Alone Not alone Difficult Easy

17,182 10,559 11,846 16,585 10,507 13,186 3819 24,612
N 61.9% 38.1% 41.6% 58.3% 44.3% 55.7% 13.4% 86.6%

Age
<70 years 9317

(54.2%)
3706

(35.1%)
4075

(34.4%)
9255

(55.8%)
4484

(42.7%)
6497

(49.3%)
1726

(45.2%)
11,604
(47.2%)

≥70 years 7865
(45.8%)

6853
(64.9%)

7771
(65.6%)

7330
(44.2%)

6023
(57.3%)

6689
(50.8%)

2093
(54.8%)

13,008
(52.8%)

Sex
Women 9543

(55.5%)
4215

(40.0%)
6012

(50.8%)
8034

(48.4%)
6268

(59.7%)
5516

(41.8%)
1844

(48.3%)
12,202
(49.6%)

Men 7639
(44.5%)

6344
(60.0%)

5834
(49.3%)

8551
(51.6%)

4239
(40.3%)

7670
(58.2%)

1975
(51.7%)

12,410
(50.4%)

Year of diagnosis
2012–2014 8309

(48.4%)
5293

(50.1%)
4985

(42.1%)
8995

(54.2%)
4136

(39.4%)
5138

(39.0%)
1787

(46.8%)
12,193
(49.5%)

2015–2017 8873
(51.6%)

5266
(49.9%)

6861
(57.9%)

7590
(45.8%)

6371
(60.6%)

8048
(61.0%)

2032
(53.2%)

12,419
(50.5%)

Cancer stage
I 3105

(18.1%)
1954

(18.5%)
2200

(18.6%)
2992

(18.0%)
1926

(18.8%)
2504

(19.0%)
805

(21.1%)
4387

(17.8%)
II 1305 (7.6%) 799 (7.6%) 923 (7.8%) 1222 (7.4%) 772 (7.4%) 1031 (7.8%) 370 (9.7%) 1775 (7.2%)
III 3377

(19.7%)
1907

(18.1%)
2248

(19.0%)
3159

(19.1%)
1975

(18.8%)
2527

(19.2%)
782

(20.5%)
4625

(18.8%)
IV 8118

(47.3%)
5066

(48.0%)
4162

(37.6%)
7914

(47.7%)
4976

(47.4%)
6270

(47.6%)
1632

(42.7%)
11,873
(48.2%)

Missing 1277 (7.4%) 833 (7.9%) 884 (7.5%) 1298 (7.8%) 858 (8.2%) 854 (6.5%) 230 (6.0%) 1952 (7.9%)
Performance
score
0 5758

(33.5%)
3432

(32.5%)
3216

(27.2%)
6160

(37.1%)
2906

(27.7%)
5057

(38.4%)
1253

(32.8%)
8123

(33.0%)
1 4795

(28.0%)
2974

(28.2%)
3352

(28.3%)
4610

(27.8%)
2932

(27.9%)
3601

(27.3%)
1105

(28.9%)
6857

(27.9%)
≥2 6629

(38.6%)
4153

(39.3%)
5278

(44.6%)
5815

(35.1%)
4669

(44.4%)
4528

(34.3%)
1461

(38.3%)
9632

(39.1%)
Alcohol misuse

No 16,805
(97.8%)

10,396
(98.5%)

11,578
(97.7%)

16,294
(98.3%)

10,196
(97.0%)

13,047
(99.0%)

3758
(98.4%)

24,114
(98.0%)

Yes 377 (2.2%) 163 (1.5%) 268 (2.3%) 291 (1.8%) 311 (3.0%) 139 (1.0%) 61 (1.6%) 498 (2.0%)
CCI

0 7830
(45.6%)

4348
(41.2%)

4520
(38.2%)

7962
(48.0%)

4273
(40.7%)

6053
(45.9%)

1704
(44.6%)

10,778
(43.8%)

≥1 9352
(54.4%)

6211
(58.8%)

7326
(61.8%)

8623
(52.0%)

6234
(59.3%)

7133
(54.1%)

2115
(55.4%)

13,834
(56.2%)

Pathology
NSCLC 13,792

(80.3%)
8561

(81.1%)
9349

(78.9%)
13,547
(81.7%)

8319
(79.2%)

10,881
(82.5%)

3083
(80.7%)

19,813
(80.5%)

SCLC 2515
(14.6%)

1429
(13.5%)

1758
(14.8%)

2267
(13.7%)

1483
(14.1%)

1847
(14.0%)

590
(15.5%)

3435
(14.0%)

Missing 875 (5.1%) 569 (5.4%) 739 (6.2%) 771 (4.7%) 705 (6.7%) 458 (3.5%) 146 (3.8%) 1364 (5.5%)
Psychiatric
diagnosis
No 16,601

(96.6%)
10,326
(97.8%)

11,452
(96.7%)

16,140
(97.3%)

10,034
(95.5%)

12,970
(98.4%)

3753
(98.3%)

23,839
(96.9)

Yes 581 (3.4%) 233 (2.2%) 394 (3.3%) 445 (2.7%) 473 (4.5%) 216 (1.6%) 66 (1.7%) 773 (3.1%)
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We also found that patients who had a troublesome transport
to the investigating hospital had a prolonged length of the
primary examination. There may be several reasons for the
extended investigation time. This could be the patient’s wish
to postpone some investigating procedures because it could
be complicated for the patient to arrange transport to the hospi-
tal, or it could be difficult for accompanying persons to find
time to escort the patient. It is also possible that low income
is associated with troublesome transport. Other studies found
that long distance to the hospital and trouble transport to the
hospital is associated with low assess to treatment, which
support our results.30,31

The last finding of our study indicates that patients who are
socially vulnerable because they live alone wait longer from the
start of the primary investigation to the decision on treatment.
The effect that patients who are living alone wait longer for
treatment could reflect of lack of a support person who can
support the cancer patient and who can help to understand
and accept treatment consequences.32

Strengths and Limitations
We used exclusively register data for this study. The strength of
using register data is the completeness of the study populations
and independently collected data, which minimizes the selec-
tion bias. Moreover, data from DLCR is validated by clinicians,
which practically eliminates printing errors in the data. As a
limitation, it could be mentioned that we used data from 2012
to 2017 for the study. To the best of our knowledge, no admin-
istrative changes have been introduced within the last few years
that could affect, which means that the results of our study can be
generalized to the present time. Other limitation of our study is
that we investigated only four factors related to the socio-
economic position. We find it less likely, but cannot rule out,
that patients who are vulnerable due to other socio-economic
factors could experience longer primary investigation time and
longer time from the end of the primary investigation to treatment
for lung cancer than not vulnerable patients experiences.
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