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Abstract
Purpose Studies examining longitudinal associations between socioeconomic factors and quality of life (QoL) in cancer patients
are rare. This study investigates changes in QoL over a 6-month period.
Methods Four hundred forty-two cancer patients (mean age 64, SD = 11, 70% male) completed standardized questionnaires at
the beginning (t1) and end (t2) of their hospital stay and 3 (t3) and 6 months (t4) thereafter. QoL was assessed with the EORTC
QLQ-C30 core questionnaire. Mixed effect models were employed to analyze individual changes in QoL in relation to socio-
economic status (education, income, job status) over the four timepoints. Age, sex, cohabitation, disease and treatment factors,
and comorbidity were included as covariates in the models.
Results Incomewas a predictive factor for QoL. Patients with a low income had 8.8 percentage points (PP) lower physical, 4.9 PP
lower emotional, and 11.4 PP lower role functioning. They also had 6.6 PP lower global QoL. Lower social functioning (6.2 PP)
was found in patients with higher education or university degrees compared with those who were less educated or had not
undergone an apprenticeship. Income also influenced trajectories of role functioning. There was no evidence that primary or
secondary education and job type were related to QoL.
Conclusions The fact that income is negatively associated with many aspects of quality of life should be considered during and
after treatment with a focus on patients with special needs.
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Introduction

Social inequalities in health and disease risk have been found
in several countries and for various indicators such as income,
education, and occupational status [1]. In recent years, social
inequalities have received increased attention in the field of

cancer research. There is evidence that socioeconomic status
(SES) is associated with morbidity or mortality, cancer surviv-
al, and disease stage at diagnosis to the disadvantage of pa-
tients with low SES across all tumor sites [2–6]. Results for
cancer incidence are inconclusive so far. In most of the stud-
ies, low SES was associated with an increased risk for lung,
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colorectal, and cervical cancer [7, 8]. Incidence of breast and
prostate cancer was increased in people with high SES [9].
However, total cancer incidence is higher in people with low
SES [10].

Despite these social inequalities in cancer incidence and
mortality, the number of people who are living with the disease
for five or more years is constantly rising [11]. This is due to
new treatment methods, early detection through cancer screen-
ing programs, and better access to clinical care. Consequently,
one of the main goals in providing treatment is to improve
patients’ quality of life (QoL). Whereas much is known about
the association of socioeconomic disadvantages and their im-
pact on well-being and QoL for other chronic diseases [12, 13],
the relationship in cancer patients remains unclear.

In contrast, the association between SES and cancer sur-
vival has been well investigated so far. Stage at diagnosis and
differences in treatment are two variables in particular that
have received more in-depth attention [3]. Differences were
observed in most countries and all genders, and results were
consistent regardless of which SES indicator was used [14,
15]. Because QoL is an independent predictive factor for over-
all survival [16, 17], the association between SES and QoL
should be addressed while interpreting social inequalities in
cancer survival, even in patients with advanced stages of the
disease [18]. Whereas a lot of evidence exists concerning QoL
in cancer patients in general, very few studies have examined
associations with socioeconomic factors. There is some evi-
dence indicating that lower SES is associated with decreased
QoL in cancer survivors [19]. Reduced QoL was also found in
low-income prostate cancer patients over a 1-year period [20].
In another study, low SES was negatively related to QoL im-
mediately after diagnosis but not at follow-up [21]. Penson
et al. also reported worse QoL for cancer patients with lower
household incomes in the first 6 months following diagnosis
but not in subsequent follow-ups [22]. However, SES differ-
ences are smaller in studies which focus on area-based mea-
sures as indicators for inequalities [3]. In cases where individ-
ual SES information was available, most studies focused on
one factor (e.g., income), and different indicators were seldom
considered at the same time. Because of this lack of longitu-
dinal research on different indicators of socioeconomic status
and cancer outcomes [23], the present study investigates the
effect of income, education, and job hierarchy on QoL in
patients with different types of cancer over the course of the
first 6 months after hospital release.

Methods

Design and data collection

The present study surveyed patients who were admitted to the
Leipzig University Hospital between October 2012 and

June 2014 for the treatment of cancer. Exclusion criteria were
no histologically confirmed malignancy, no written informed
consent, aged < 18 years, poor understanding of German, de-
mentia, or cognitive restrictions. Shortly after admission, eli-
gible patients were contacted by study nurses who informed
them about the procedure and aim of the study. After they had
provided written informed consent, patients were interviewed
upon hospitalization (t1), at hospital discharge (t2), 3 months
after baseline (t3), and 6 months after baseline (t4). Data col-
lection was performed with the help of tablet computers at t1
and t2. At t3 and t4, participants were contacted and
interviewed via telephone. The study received ethical approv-
al by the Institutional Review Board of Leipzig University
(#210-12-02072012).

Instruments

Education was categorized by (a) the highest level of primary
or secondary education completed (compulsory education,
post-compulsory education, higher secondary school) and
(b) higher education completed (none, apprenticeship, higher,
university). Both variables were further dichotomized into
compulsory and post-compulsory for lower school education
versus higher secondary school (high school education).
Participants who had no degrees or professional training
(i.e., completed apprenticeship) were classified as having a
low level of education, and those who did were classified as
having a higher level of education.

To ascertain the income of the individual patients, the net
household income (total income minus taxes) was weighted
with the number of persons living in the household and their
age according to OECD (Organization for Economic Co-
operation and Development) standards to obtain the equiva-
lence income. Patients who earned 1000 euros per person per
month or above were classified as having a high income.
Those who earned less than that were classified as having a
low income.

Job hierarchy pertains to patient’s position within certain
job categories. Participants were asked to report their job cat-
egory (e.g., worker) and their job grade (e.g., skilled or un-
skilled) and were accordingly assigned to the corresponding
category. Middle and low positions were classified as low and
others as high job status.

Quality of life was measured at baseline and all follow-ups
using the European Organization for Research and Treatment
of Cancer Quality of Life Core Questionnaire (EORTC QLQ-
C30). This is a validated self-report questionnaire for use in
cancer clinical studies [24]. In total, the EORTC captures five
subscales, global quality of life, and various symptoms. For
the present study, we used all of the functional scales of the
EORTC QLQ-C30: physical functioning (five items,
Cronbach’s alpha at t1 = 0.85, t2 = 0.85, t3 = 0.85, t4 = 0.86),
emotional functioning (four items, 0.73, 0.73, 0.75, 0.81), role
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functioning (two items, 0.90, 0.85, 0.88, 0.93), social
functioning (two items, 0.71, 0.72, 0.80, 0.71), cognitive
functioning (two items, 0.72, 0.69, 0.73, 0.65), and global
quality of life (two items, 0.89, 0.84, 0.90, 0.94). Participants
responded using a four-point Likert scale ranging from 0 (“not
at all”) to 3 (“very much”), with the exception of global qual-
ity of life for which the range was 1 (“very poor”) to 7 (“ex-
cellent”). The measures are scaled from 0 to 100, whereby
higher scores in the selected scales indicate better QoL [25].

Clinical data including method of therapy (chemotherapy,
radiotherapy, surgery), tumor stage, and type of cancer (ad-
vanced, not advanced) was assessed from the medical reports.
If cancer was recurrent, metastatic, or secondary, patients were
classified as having advanced cancer. Tumor stage was clas-
sified according to the Union for International Cancer Control
[UICC] classification system. Tumor stage was dichotomized
with I + II = “low” and III + IV = “high.”

Comorbiditieswere self-reported by the patients at baseline
(“Do you have other physical illnesses?”). If they reported at
least one comorbid disease, they were classified as having a
comorbid condition.

Statistical analysis

Trends in the development of the QoL domains over four
measurement points were graphically investigated with age-
adjusted marginal means. ANOVAS were calculated to test if
there were significant changes in means between all four time
points. To analyze longitudinal associations between SES and
QoL, mixed effect models for repeated measures were calcu-
lated using maximum likelihood (ML) estimation. Covariance
type for within-participant correlation was selected using − 2
log likelihood and fit indices (AIC, BIC) to account for corre-
lations among repeated measures in participants (PF, SF, RF:
diagonal; GQoL, EF: scaled identity). To capture longitudinal
associations between the variables of interest, seven models
for each scale were calculated. First, unconditional mean
models (model 1) with random intercepts were examined to
assess individual variation in QoL domains at baseline with-
out regard to time. The proportion of outcome variation
(intraindividual and interindividual) is calculated to evaluate
the necessity of individual growth curve modeling [26]. If the
ICC (intraclass correlation coefficient) is 0.25 or above,
growth curve modeling is required. Next, unconditional linear
growth models (model 2) were performed to evaluate individ-
ual changes over time. Therefore, time × time (time quadratic,
model 3) and time × time × time (time cubic, model 4) were
added to test non-linear changes in QoL. If the χ2 difference
test indicated significant improvements in the fitness of the
non-linear growth model compared to the linear growth mod-
el, quadratic and cubic time terms were retained for further
analyses. Afterwards, three conditional growth models were
conducted for all scales. The first model (model 5) included all

SES indicators (income, school education, vocational training,
job type) and the relevant covariates (age, sex, cohabitation).
If there were significant associations in model 5 between SES
indicators and QoL, disease and treatment factors (tumor
stage, type of cancer, therapy) were added to the next model
(model 6). In a following step, comorbidity was included
(model 7) because prior studies have shown its impact on
QoL [27]. Finally, interactions containing significant SES in-
dicators with the respective growth parameters were added to
model 7. Analyses were done using the IBM SPSS® Statistics
Version 22.

Results

Sample characteristics

A total of 591 patients were admitted to the hospital during the
study period. Twenty-six patients (4%) had to be excluded
because cancer was not histologically confirmed, leaving
565 patients eligible for the study. Of those, 123 (22%) de-
clined study participation (reasons were lack of interest n = 81,
too distressed because of the disease n = 13, mentally distress-
ed n = 18; 11 did not provide any reason). There was no evi-
dence for differences in age (p = .44), sex (p = .21), and tumor
stage at presentation (p = .06) between participants and non-
participants. Baseline data was available from 411 patients,
and 31 entered the study after t1 (reasons were declined par-
ticipation at t1 n = 2, could not be reached at t1 n = 6, inter-
viewer was notified too late n = 23), resulting in 442 sets of
data to be analyzed.

The mean age of participants was 64 years (SD = 11), and
70% of them were male. The most frequent tumor sites were
head and neck (19%), prostate (18%), urinary organs (11%),
brain (9%), lung (8%), and colorectal (7%). The majority of
the patients (64%) had tumor stage III or IV at the time of
diagnosis, and 105 (24%) suffered from advanced cancer
(Table 1).

In total, 63 (14%) study participants died over the course of
the 6-month follow-up period (until t2 n = 4, until t3 n = 43).
Those patients reported lower levels of physical functioning
(p < .01), role functioning (p < .01), social functioning
(p = .03), cognitive functioning (p = .02), and global quality
of life (p = .04) at baseline. Participation per time point was
n = 411 at t1, n = 355 at t2, n = 265 at t3, and n = 235 at t4 (192
subjects were assessed all four times, 78 three times, 92 twice,
and 80 were assessed at a single timepoint).

Trends in quality of life

There was a significant (p < .05) decrease in physical, social,
and role functioning and global QoL and an increase in emo-
tional functioning in the time between hospital admission and
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hospital discharge (Fig. 1). Physical and role functioning, as
well as global QoL, increased significantly between hospital-
ization and the 3-month follow-up measurement point. There
were no significant changes on any of the scales between 3
and 6 months after baseline. There were no significant chang-
es in cognitive functioning between baseline and any of the
follow-up measurement points.

Unconditional mean models (model 1)

For physical functioning, the ICC was 0.55, suggesting that
55% of the variation is due to interindividual differences. The
ICC for emotional functioning, role functioning, social func-
tioning, cognitive functioning, and global QoLwas 0.50, 0.43,
0.41, 0.57, and 0.50, respectively.

Unconditional linear growth models (model 2)

There were significant intercepts and slopes in all QoL
domains, except for cognitive and role function, indicat-
ing that patients varied in their baseline levels and lin-
ear growth with a linear decrease in physical function-
ing and social functioning, and linear increase in emo-
tional functioning and global QoL. Because cognitive
functioning showed no changes over the course of the
study and no interindividual difference in trajectory
change (β = − 0.52, SE = 0.53, p = .33); this scale was
omitted from further analyses [26]. Because of the ob-
vious non-linear growth and the significant changes
from baseline to t2 and t2 to t3 and t4, role functioning
was also tested for non-linear growth in further analy-
ses. The estimated intercept and linear slope parameters
for the unconditional linear growth models are presented
in Table 2 (model 2).

Unconditional non-linear growth models (models 3
and 4)

There was a significant positive quadratic effect in physical
functioning, role functioning, and global QoL and a negative
quadratic effect in emotional functioning (Table 2).
Comparing the unconditional linear models to the non-linear
growth models, there was a significant improvement for phys-
ical functioning (χ2 = 11,515.24–11,498.19 = 17.05, p < .01)
[28], emotional functioning (Δχ2 = 5.11, p = .02), role func-
tioning (Δχ2 = 29.30, p < .01), and global QoL (Δχ2 = 5.16,
p = .02). Because there was no significant quadratic effect for
social functioning and no improvement in model fit
(Δχ2 = .68, p = .41), we only retained the linear time term in
the subsequent models.

Physical functioning, role functioning, and global QoL
showed a significant negative cubic change. Given that the
cubic models improved model fit over the quadratic growth
models for the three scales (PF Δχ2 = 5.58, p = .02, RF:
Δχ2 = 25.61, p < .01, GQoL: Δχ2 = 11.46, p < .01), cubic
growth parameters were retained in the subsequent models.
Because no cubic effect was found for emotional functioning
(Δχ2 = 0.03, p = .86), the following models contained only
the quadratic time term.

Table 1 General characteristics of participants at baseline (n = 442)

Characteristics All n (%)

Age years, mean (range) 63.6 (24–87)
Gender
Male 310 (70.1)
Female 132 (29.9)
Disease stage at baseline
I + II 140 (31.7)
III + IV 283 (64.0)
Unknown 19 (4.3)
Type of cancer
Not advanced 329 (74.4)
Advanced 105 (23.8)
Unknown 8 (1.8)
Surgerya

Yes 267 (60.4)
No 168 (38.0)
Unknown 7 (1.6)
Chemotherapya

Yes 139 (31.4)
No 296 (67.0)
Unknown 7 (1.6)
Radiotherapya

Yes 211 (47.7)
No 223 (50.5)
Unknown 8 (1.8)
Comorbidity
Yes 282 (63.8)
No 160 (36.2)
Cohabitation
Lives with somebody 373 (84.4)
Lives alone 68 (15.4)
Unknown 1 (0.2)
Income
> 1000€ pp/m 205 (46.4)
< 1000€ pp/m 145 (32.8)
Unknown 92 (20.8)
School education
High 86 (19.5)
Low and middle 353 (79.8)
Unknown 3 (0.7)
Vocational training
Higher or university 188 (42.5)
None or apprenticeship 251 (56.8)
Unknown 3 (0.7)
Job grade
High 74 (16.7)
Low and middle 360 (81.4)
Unknown 8 (1.8)

pp per person
a Patient had this type of treatment during study period (admission to
hospital to 6 months thereafter, t1–t4)
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Conditional growth models (models 5–7)

Because of some missing data in SES indicators and the ne-
cessity of having equal numbers of participants to be able to
compare models, conditional models were analyzed with n =
318. Fixed effects of the conditional growth models are pre-
sented in Table 2 (models 5–7). Incomewas a predictive factor
for QoL for all functional scales except social functioning.
After adjustment for age, sex, and cohabitation, lower income
was still associated with worse QoL. We additionally con-
trolled for tumor stage, type of cancer, therapy, and comorbid-
ity in the final models (model 7), and the effects remained
significant. Patients with lower income showed 8.8 percentage
points (PP) lower physical functioning, 4.9 PP lower emotion-
al functioning, 11.4 PP lower role functioning, and 6.6 PP
lower global QoL. Social functioning was associated with
participants’ vocational training. After controlling for all co-
variates, having no vocational education or apprenticeship
was associated with 6.2 PP better social functioning compared
to higher or university education. School education and job
type showed no relation to any of the QoL domains. To ex-
amine whether income and vocational training not only pre-
dict the level of QoL but also the rate of change, an interaction
was added to model 7 (time × vocational training to social
functioning and time × income, time2 × income, time3 × in-
come to the other scales). Interactions were only significant
for role functioning (time × income: β = 37.38, SE = 14.88,
p = .01, time2 × income: β = − 33.63, SE = 13.31, p = .01,
time3 × income: β = 6.86, SE = 2.90, p = .02) indicating that
the decline in role functioning from t1 to t2 was greater for
high-income participants (− 45.50) than the decline by lower
income participants was (− 45.50 + 37.38 = − 8.12). However,
in terms of quadratic growth, there was a faster rate of change
for high-income patients (33.61) compared to low-income
people (33.61 + (− 33.63) = − 0.20). High income was also as-
sociated with a slower rate of cubic change (Fig. 2).

Comparing residual variances of the unconditional linear
growth model with the model with interaction shows that in-
come accounted for 23% (t1), 8% (t2), 7% (t3), and 22% (t4)
of the within-individual variations in role functioning [26].

Discussion

The current study investigates the impact of SES on QoL
among cancer patients using a longitudinal design with four
measurement points. Results show that income is a predictive
factor of QoL. Patients living in households that have a
monthly income of less than 1000 euros per person had lower
physical, emotional, and role functioning as well as reduced
global QoL compared to patients with incomes above that
threshold. Our findings are in line with previous studies which
also found associations between income and functional scales
and global QoL among breast and prostate cancer patients [20,
29]. However, Hofreuter-Gätgens [23] identified income dis-
parities among prostate cancer patients but not among breast
cancer patients.

The association between income and QoL could have been
created by confounding factors. One possible explanation is
that the difference in tumor stage at presentation leads to
worse QoL. There is indeed evidence that low-income patients
are more likely to be diagnosed with more advanced disease
stages compared to high-income patients [2]. This may be due
to delayed presentation in people with lower SES [30].
Additionally, longer waiting times until first treatment for free
of charge access could also influence QoL at time of diagnosis
[31]. At the same time, impairments in QoL due to income
were also found in long-term cancer survivors [19]. Because
income remained a significant predictor after controlling for
tumor stage, type of cancer, and therapy, there must be further
factors, which influence the association between income and
QoL. The mediating role of health behavior is a second

Fig. 1 Trends in cancer patients’
quality of life over 6 months
starting with hospital admission
(estimated marginal means, age-
adjusted). PF physical
functioning, EF emotional
functioning, RF role functioning,
SF social functioning, QL global
quality of life, CF cognitive
functioning: t1 = beginning of
hospitalization, t2 = hospital
discharge, t3 = 3 months after
baseline, t4 = 6 months after
baseline
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possible explanation. In a cancer mortality study, physical
activity, diet, and BMI were all found to be possible risk fac-
tors that contribute to the association between mortality and
SES [32]. Psychosocial factors may also explain the differ-
ences in QoL. Low SES people report lower levels of social
support and weaker social networks [33]. This is of great
importance, because poorly functioning social relationships
have been found to negatively influence health [34, 35]. In
addition, lower income was associated with higher rates of
labor force departure [36] which in turn leads to more frac-
tured social networks and decreased social support.
Furthermore, people with low SES report more depressive
symptoms and anxiety, both conditions which can negatively
impact QoL [37]. In particular, fearful and fatalistic beliefs
concerning cancer diagnoses and greater worries about money
were more commonly found in patients with lower SES [38,
39]. At the very least, high income serves as resource for
accessing additional forms of support in coping with the dis-
ease (e.g., supplements, alternative medicine, recreation).

To date, no study has tested the influence of income on the
trajectories of the QoL scales. In our study, changes in role
functioning were influenced by patients’ income. Whereas
there was a faster decline for patients with high income be-
tween diagnosis and the end of hospitalization, they also had a
substantial increase in the 3 months afterward. One explana-
tion could be that patients with higher incomes have a greater
feeling of being restricted by their hospitalization because it
forces them tomiss work. Because of their financial resources,
it may be easier for these patients to cope with the disease after
their hospital stay, resulting in a faster increase in their role
functioning.

In the present study, vocational training was associated
with better social functioning in that way that patients with
no higher education or apprenticeship showed better function-
ing. Because higher education was found to positively

influence social network size [33], less educated patients
may represent a case of quality trumping quantity since they
appear to have better social functioning and fewer social
relations.

Primary or secondary education and job type were not re-
lated to QoL in our study. Maybe this is due to the short length
of the follow-up period (6 months following hospitalization).
In another study, social inequalities became apparent
12 months after acute treatment and were much less pro-
nounced 6 months after diagnosis [23].

The present study has a number of strengths. To our knowl-
edge, this is one of the first longitudinal studies to examine
different SES indicators and their impact on a range of QoL
outcomes among cancer patients in Germany. This is of great
importance considering the fact that QoL is a powerful pre-
dictor for survival [16, 17]. Moreover, the findings underline
the fact that social inequalities not only exist at the time of
diagnosis but remain unchanged after treatment.

Besides these strengths, the current study is subject to some
limitations. Changes in QoL may be biased by response shift
which means that changes in QoL are not due to the studied
variables but rather to shifts in internal standards, values, or
conceptualizations [40]. Because income was assessed at the
time of admission to the hospital, the current cancer diagnosis
may already have negatively influenced the actual amounts. It
also has to be noted that there was a large number of missing
data for income.

In conclusion, the present analysis shows that income plays
an important role in cancer patients’QoL. Not having received
vocational training or undergone an apprenticeship was asso-
ciated with better social functioning. Primary or secondary
education and job type seem to be less important for cancer
patients’ QoL. Tailored interventions should be developed to
improve low-income patients’ QoL considering the special
needs they have in coping with this disease.

Fig. 2 Trajectories of role
functioning of patients with high
and low income. Adjusted for
age, sex, cohabitation, tumor
stage, cancer type, therapy,
comorbidity, education, and job
type; t1 = beginning of
hospitalization, t2 = hospital
discharge, t3 = 3 months after
baseline, t4 = 6 months after
baseline
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