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Abstract

Aims This study seeks to assess the impact of breast cancer on
survivors’ annual income at 1 to 13 years of follow-up.
Methods A Norwegian registry-based dataset with a 13-year
follow-up period was used. The dataset contained case—con-
trol pairs, where each pair consisted of one breast cancer case
and a cancer-free control, matched for age, marital status, and
municipality of residence. A mixed linear model was used to
analyse the average income development for cases and con-
trols adjusting for available demographic variables not used in
the matching procedure, such as education level, immigration
history, and number of children. Individual income was only
considered relevant for cancer survivors, thus case—control
pairs were censored upon death. Income development by
stage of tumour at time of diagnosis was also assessed.
Results The income of breast cancer survivors had reduced
immediately following diagnosis. At 1 year after diagnosis,
income development between cases and controls became sig-
nificantly different (» =0.006). Differences increased slightly
but remained significant throughout the follow-up period. At
13 years after diagnosis, the estimated cumulative income loss
for survivors was 39.403 € (p <0.001). The income develop-
ment of stage I breast cancer patients was similar to their
controls. For higher stage breast cancer patients, the income
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differences were more pronounced but not always statistically
significant.

Conclusions Breast cancer has a significant negative effect on
the individual incomes of survivors, even at 13 years after
diagnosis. Effects increased for individuals with more ad-
vanced cancer stages.

Implications for Cancer Survivors In Norway, breast cancer
survivors experience lower income than their cancer-free con-
trols. This may indicate a need for financial compensations in
order to maintain the standard of living for this group of
patients.

Keywords Breast cancer - Income development -
Case—control pairs

Introduction

According to the Cancer Registry of Norway, a cumulative
risk of developing breast cancer by age of 75 is 7.9, and ranks
highest among all cancer diagnoses in women [1]. Among all
diagnoses of cancer in women, breast cancer is diagnosed in
34 % and 28 % of women in age groups 25-49 and 50—
69 years, respectively. Considering the age span, many of
these women are likely to be employed when malignancy
determined. Moreover, since most women suffer an early
stage of breast cancer, which considerably increases the sur-
vival odds, the issue of income development for female breast
cancer survivors is highly relevant.

There is a substantial international literature on income
development for breast cancer survivors, but since income is
highly contingent upon local labour markets, we have restrict-
ed our attention to the Scandinavian context. An increased risk
of experiencing income reduction was shown in one Danish
[2] and three Norwegian studies [3—5]. At the same time, a
Swedish study [6] found no impact of cancer on the incomes
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of breast cancer patients compared to cancer-free controls. This
study thus aimed to assess the differences in average annual
income development of breast cancer patients and matched
cancer-free controls in Norway. We hypothesised that breast
cancer patients would show persistently significant reduction in
annual income development compared to controls.

Though a number of other studies find significant income
differences, this paper adds new insight to related research in
several ways. First, this study was based on high-quality
merged data from two nationwide registries. Annual income
development of breast cancer patients was tracked from 1 year
prior to diagnosis until death or censoring nine to 13 years
later, which constitutes a considerably longer follow-up period
than most studies in the field. Secondly, our study resembles
studies [4] and [5] but differs in key aspects. To assess income
differences between cancer survivors and cancer-free controls,
the difference-in-differences approach was employed in [4].
Statistically significant cancer-associated declines in earnings,
not including compensatory measures, were reported for up to
9 years after diagnosis. Unlike the present study’s analysis, the
analysis in [4] was restricted to women who were employed in
the follow-up year, thus excluding the financial disadvantage
of being completely unemployed. Meanwhile, the analysis in
[5] used a subset of the same case—control dataset that we
analyse in the present study, only the analysis in [5] was
restricted to women who did not receive either disability- or
retirement pension while the follow-up time was limited to
9 years. The study [5] analysed the probability of an income
reduction of more than 10 % and found a statistically signif-
icant effect of breast cancer for only 2 to 4 years following
diagnosis. The present study is more sophisticated statistically,
for it utilises the longitudinal structure of the data. Further-
more, since income is modelled as a continuous variable, our
study avoids the information loss caused by dichotomisation.
The statistical methods developed for this study can thus be
considered to be an independent contribution to the field.

Material and methods
Data sources

This study was based on data from two nationwide Norwegian
registries whose merging was possible due to the unique
personal identity numbers given to all Norwegian citizens.
The Cancer Registry of Norway (CRN, established 1953)
has collected data on all new cases of cancer as per statutory
registration requirements for all hospitals, laboratories, and
general practitioners. Diagnostic data from the CRN are nearly
complete and of high quality [7]. FD-Trygd, Statistics
Norway’s event database (established 1992) contains infor-
mation regarding demographics, social security benefits from
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the National Insurance Scheme, education level, employment
status, and income for the entire Norwegian population.

Sampling of patients and cancer-free controls

Patient sampling for the study started in 1992, the first year
when dynamic data on national insurance contributions be-
came available. Eligibility criteria for identification of breast
cancer patients in the CRN were women aged 45 to 54 who
had been diagnosed with breast cancer as their first life-time
malignancy between 1992 and 1996. This 5-year recruitment
period was determined in order to obtain a reasonable follow-
up time, while the age span assured a high proportion of
employed women, since the formal retirement age in Norway
is 67 years. The CRN identified 2,052 women who fulfilled
these criteria.

Cancer-free controls at inclusion and during follow-up
matched for age, marital status, and municipality of residence
were drawn randomly from the Norwegian population registry
by Statistics Norway, one control per case. The controls were
cancer-free, based on checks in the CRN. Throughout this
article, the term ‘year of diagnosis’ also refers to controls, as
well as primarily referring to the year of breast cancer diag-
nosis for their matched case.

Among the 4,104 women in the sample, 14 did not have a
registered income and 22 had missing income data for some
years during the study period. These 36 women were excluded
from the analyses along with their matched controls. Six
controls died before the time of cancer diagnosis and were
also excluded along with their matched cases. Thus, our
sample consisted of 4,020 women: 2,010 breast cancer pa-
tients and 2,010 matched controls. By comparison, the cohorts
of 1992 to 1996 contained 342 (17.0 %), 362 (18.0), 373
(18.6), 436 (21.7), and 497 (24.7) pairs, respectively.

Time to events

For each case and control, observation time began the pre-
diagnosis year. All women were followed until death or cen-
soring at the end of the observation period, 31 December
2005. Hence, the maximum follow-up time varied between
nine and 13 years depending on the year of diagnosis (i.e.
1992-1996).

Income

The income variable ‘pension qualifying income’, in this
study, is referred to simply as income. It is defined as personal
income excluding transfers of social security benefits, such as
sick-leave pay, unemployment benefits, work assessment al-
lowance, and disability pension. The income variable was
adjusted for the consumer price index (CPI) for 2012.
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Socio-demographic variables and stages

Age was used as a continuous variable. Level of education was
coded as ‘elementary school’, ‘secondary school’ or ‘higher
education’. Immigration history was divided into either ‘no
immigration history’ or ‘immigration history’. Family type
was coded into three categories: ‘married or in-live companion
with children’, ‘married or in-live companion without children’
and ‘other’, while number of children aged less than 18 at the
time of inclusion was categorised into ‘zero’, ‘one’, ‘two’, and
‘three or more’. The socio-demographic variables at year of
diagnosis were employed throughout the analyses.

Staging of breast cancer has been described previously in
[5]. The Classification of Malignant Tumours (TNM) system
classifies cancer into four stages (i.e. I to IV), each
characterised by tumour size (T), involvement of regional
lymph nodes (N), and distant metastasis (M).

Constructing the income variable

To study how cancer affects income, the following computa-
tional steps were performed for each woman in the dataset. To
align income data, year of diagnosis was set at year 0 for all
included women. The income year before diagnosis (year —1)
was used as reference income. For years 1 to 13, income
development was defined as that year’s income minus the
reference income. Hence, a woman’s income development
for a certain year represents the change (i.e. increase or de-
crease) in income from 1 year pre-diagnosis to the specific
post-diagnosis year. Women who died within the given
follow-up year were excluded from the analysis of that and
sub-sequent years. To preserve the comparability achieved by
the matching procedure, data for the pair were excluded
during the year when one of the women died, as well as all
subsequent years.

Statistical analyses

Descriptive statistics were used to present the socio-
demographic variables; a ¢ test for independent samples and
a x ? test were used to compare cases and controls at inclusion.

Differences in income development between cases and
controls were assessed by ¢ test for independent samples,
separately for each year during follow-up. Such an unadjusted
comparison of income development suggests a clear interpre-
tation and shows how the income of two groups develops over
time.

A linear regression model was estimated to assess the
impact of cancer diagnosis on income, adjusted for the avail-
able socio-demographic variables that the matching procedure
had not utilised (level of education, immigration history, and
number of children <18 years). Each data record was based on
both a case—control pair and a given number of follow-up

years during which both members of each pair were alive. The
dependent variable was difference in income development
between a case and her control. The main predictors were
dummy variables encoding the number of years since diagno-
sis, which offered 14 indicator variables associated with years
0 to 13 after diagnosis by using the pre-diagnosis year (—1) as
a reference category. To adjust for a possibly non-linear effect
of age on income, the pair’s age was encoded using dummy
variables representing all possible age values in the study
period by using the youngest women (aged 44 in the pre-
diagnosis year) as reference. The socio-demographic variables
at baseline for each case and control were included as con-
founding variables.

Income data demonstrated strong clustering, in the sense
that differences in income development over time tend to be
similar for a given pair. Thus, the standard linear regression
assumption of independent observations was violated. There-
fore, a linear mixed model accounting for cluster effect in data
was developed with a random effect for pairs (see Appendix).
Regression coefficients associated with each year during
follow-up were presented with the corresponding 95 % con-
fidence intervals (CI). These coefficients should be interpreted
as the effect that different numbers of follow-up years has on
the difference between average income development for cases
and controls. Results were presented graphically by plotting
the regression coefficients for each dummy variable with the
corresponding 95 % CI.

Identical analyses stratified by stage of breast cancer were
also executed. Also estimating the cumulative loss in income
at different follow-up years is relevant. This cannot be reliably
estimated by adding the income loss estimates for the different
follow-up years, as these estimates are related to different
subsamples. For example, the income development in the first
follow-up year might be more favourable among women that
were alive eight years after diagnosis compared to all women
alive one year after diagnosis. A different version of the
regression model was therefore estimated, where the depen-
dent variable was the difference in cumulative income devel-
opment between alive cases and controls. The main predictors
of this model were interpreted as the average total loss in
income since cancer diagnosis, for the different number of
years survived.

All analyses were performed with SPSS version 20 and
SAS version 9.2. The level of significance was set at 5 %. All
tests were two-sided.

Ethics

Data produced by national administrative agencies registering
the entire population are transferred to Statistics Norway
according to the Statistics Act in relation to official statistics.
Individuals cannot refuse to have their personal data included.
Privacy concerns are addressed by the Personal Data Act that
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sets forth procedures for handling and processing of such data.
No personal informed consent from the individuals constitut-
ing the sample of this study is thus needed according to
Norwegian legislation. Data were delivered in a de-identified
form from Statistics Norway. The study was approved by the
Regional Committee for Health Research of South-eastern
Norway.

Results

Of a total 4,020 women, 638 (592 patients and 46 controls)
had died at the time of censoring (i.e. 31 December 2005).
Table 1 presents descriptive statistics. There were statistically
significantly more controls than cases with education at the
lowest level (p =0.001), with immigration history (» <0.001),
and with three or more children (p =0.025). There were no
significant differences in age or marital status. As expected,
due to cancer-related mortality, the proportions alive for 1, 5,

10, and 13 years after diagnosis were higher among controls.
Most cases (91.9 %) were diagnosed at stage I or II (see
Table 1).

At inclusion, the mean CPI adjusted income was signifi-
cantly higher in cases than controls (14,563 € with standard
deviation (SD) 9,993 € versus 13,344 € with SD 10,123 €; p <
0.001). The differences in average CPI adjusted income for
cases and controls (see Table 2 columns 3 and 4) were small
and remained quite stable throughout the follow-up period.
Table 2 presents the average income development for cases
and controls as well as differences between the two (columns
5-7) for each year during follow-up. Figure 1a illustrates the
income development for cases and controls. The income for
cases was rapidly reduced immediately after diagnosis, and
1 year after diagnosis the income between cases and controls
became significantly different (p <0.001) according to the
independent samples ¢ test (see Table 2, column 8). This
pattern remained persistent for the rest of the follow-up period.
In Fig. 1b, the results of the regression analysis are plotted

Table 1 Socio-demographic

characteristics of women with Characteristic Cases Controls p value
breast cancer and matched ) .
controls N % N %
Age (years), mean (sdv) 2010 49.8 (2.8) 2010 49.8 (2.8) 0.991
Level of education 1971 1929
Elementary school 558 28.3 640 33.2 0.001
Secondary school 979 49.7 939 48.7
Higher 434 22.0 350 18.1
Immigration history 2010 2009
No immigration history 1884 93.7 1775 88.4 <0.001
Immigration history 126 6.3 234 11.6
Marital status 1990 2009
Married/live-in partner with children 1189 59.8 1246 62.0 0.335
# Among those diagnosed be- Married/live-in partner without children 279 14.0 263 13.1
tween 1992 and 1995 (1,188 Other 522 26.2 500 24.9
pairs) Children<18 years 1990 2009
® Among those diagnosed in 1992 0 1168 587 1181 538 0.025
(342 pairs). ' ' '
S 0 ” o 1 515 25.9 512 25.5
ages: T0, no evidence of prima-
ry tumour; Tumour size (T): T1, 2 257 129 233 1.6
<20 mm; T2, >20 mm but 3 or more 50 2.5 83 4.1
<50 mm; T3, >50 mm; T4, tumour Tumour stage at diagnosis
of any size with direct extension to Stage I (TINOMO) 972 48.4
the chest wall and/or skin; regional Stage IT (T2NOMO; TO-2N1MO) 375 35
lymph nodes (N): NO, no N me-
tastases; N1, movable ipsilateral Stage III (T0-2N2-3MO0; T3-4N0-3MO0) 48 24
axillary lymph node(s) metastases; Stage IV (T1-4N0-3M1) 105 5.2
N2, metastases in ipsilateral axil- Stage unknown 10 0.5
lary lymph node(s) attached to Survival
each other or other structures; . .
N3, metastases in ipsilateral inter- 1 year after inclusion 1917 95.4 2007 99.9
nal mamma node(s); distant me- 5 years after inclusion 1631 81.1 1994 99.2
tastasis (M): MO, no presence of 10 years after inclusion® 1188 78.5 1489 98.4
distant metastasis; M1, presence 13 years after inclusion” 215 62.9 334 97.7

of distant metastasis
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Fig. 1 Development of income a
for cases (solid black line) and
controls (solid grey line) after
diagnosis with the corresponding
95 % CI (a) and differences in
development of income adjusted
for level of education,
immigration history, and number
of children presented as
regression coefficients with the
corresponding 95 % CI (b); —1
corresponds to the year before
diagnosis
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along follow-up years together with the corresponding 95 %
CI. The regression coefficients associated to the indicator
variable are to be interpreted as the effect that the different
number of follow-up years has on the difference between
average income development for both cases and controls.
Clearly, the income development adjusted for the socio-
demographic characteristics showed the same tendency (see
Fig. 1a). Table 2 presents numerical results from adjusted
regression analysis (columns 9 and 10).

As shown in Table 2 (columns 11 and 12), at the fourth year
after diagnosis, the difference in cumulative income develop-
ment became significantly different between cases and con-
trols and preserved this tendency throughout the follow-up
period.

Analysis of income development by stage demonstrated
marginal differences between stage I cases and their matched
controls. With increasing stage, differences became more
pronounced though not always statistically significant. There
were few stage III and IV cases in the sample, and though
large, the differences were not significant (see Table 3 and
Fig. 2 for results).

Discussion

The hypothesis that cases with breast cancer would show a
persistent and significant reduction of annual income com-
pared to controls was supported throughout the follow-up
period of 13 years. At 1 year after diagnosis, the income level
for cases had already become significantly lower than for
controls, and this difference persisted for the reminder of the
observation period. Even for those relatively few case—control
pairs (n=211) alive 13 years after diagnosis, a statistically
significant effect of cancer diagnosis on their income devel-
opment occurred. The effect of cancer on the cumulative
income showed a stronger effect for longer follow-up periods,
with an estimated total income loss of 39,403 € after 13 years
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(»<0.001). Analyses of income development stratified by
stage showed a similar tendency, with stronger effects for
more advanced stages. Income development among stage I
cases was similar to controls, and no statistically significant
differences were found. For stage II to IV cases, differences
were large but not always statistically significant due to few
cases with more advanced stages of disease.

It is important to note that the income variable used in this
study does not account for transfers of social security benefits,
such as sick-leave pay, unemployment benefits, work assess-
ment allowance, or disability pension. In Norway, one can be
on sick leave for up to 1 year after diagnosis and still receive
up to 100 % of'the salary. As a basis to calculate basic benefits,
supplementary pension, and supplement for spouse and chil-
dren, six times the basic amount of the National Insurance
Scheme is used. Only persons with income below such an
amount are fully compensated by sickness benefit. Conse-
quently, the economic hardship for cancer patients usually
begins the year after the 1 year of receiving sick-leave pay
when their opportunities for economic compensation are con-
siderably reduced. The analysis in this paper therefore might
overestimate the effect that breast cancer has on the affected
women’s economic situation, particularly the first year after
diagnosis. Nevertheless, findings are mostly in accordance
with comparable studies [4, 5]. Even with simpler statistical
analyses, income differences between cancer survivors and
cancer-free controls for up to 9 years after diagnosis were
detected in [4]. In study [5], while assessing the probability
of an income reduction of more than 10 %, statistically sig-
nificant effects of breast cancer on income were shown only 2
to 4 years after diagnosis. The discrepancy between [5] and
the present study, however, is not surprising since there is
considerable information loss due to dichotomisation in [5].

The content of the income variable was changed from 1
January 2002, by also including work-rehabilitation benefits.
However, since this study assessed income development be-
tween two comparable groups, modifying the income variable
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Fig. 2 Differences in
development of income adjusted
for level of education,
immigration history, and number
of children presented as
regression coefficients with the
corresponding 95 % CI (B); —1
corresponds to the year before
diagnosis
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for the last 3 years of the study most likely had a negligible
effect on results. Moreover, analysis of yearly age-adjusted
income development in controls showed no substantive
change between 2001 and 2002.

Level of education and number of children has been re-
ported to be associated with breast cancer [3], and these
variables are statistically different for cases and controls in
the dataset. Regression modelling is therefore warranted to
control for these effects. It should be noted, however, that
these effects are relatively small, thus a crude comparison of
income development in breast cancer—control cohorts
matched on age, marital status, and municipality of residence
may be justified in future studies when further socio-
demographic variables are unavailable.

In conclusion, breast cancer has a significant impact on
survivors’ incomes, even 13 years after diagnosis. The com-
pleteness of data from the CRN, which provides the opportu-
nity to find matched cancer-free controls in registries of Sta-
tistics Norway, is this study’s chief strength. Moreover, an
extended follow-up period of 9 to 13 years of income data
contributes substantially to the field. Finally, the statistical
method applied in this study fully explores the longitudinal
nature of the data.

Our findings suggest that breast cancer survivors may
require financial compensation in order to maintain the same
standard of living as their cancer-free controls. Such compen-
sation could take the form of a government-financed program
or private insurance. In either case, this study offers a starting
point for estimating the associated costs in the Norwegian
context.
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Appendix A: Mathematical formulation of the model

The data were organized in pairs of matched cases and con-
trols. The index i was used to identify such a pair.

@ Springer

2 3 4 5 6 7 8 9 10 11 12 13
Years after diagnosis

Define /; ; as the income for the case of pair i, j years after
diagnosis, where j €{-1,0,1,2...}. The income development j
years after diagnosis was calculated as A; ;=1; ;—1; ;. Simi-
larly, define 7, ; as the income of the cancer-free control of
pair i, j years after the diagnosis of the corresponding case,
and let 2, = 7,-, j,ji’_l be income development.

Define ¥, ; = A;; —2,;“,» , the difference in income devel-
opment j years after diagnosis, between pair i’s case and
control. It represents the advantage that pair i’s cancer free
control has over the corresponding breast cancer patient,
corresponding to increase of income since one year prior to
diagnosis.

Define the following linear regression equation for Y; ;:

Y,j:a+ﬁj+'}/a(,)+§0xl+@551+6z+51j (1)

Here, « is a constant term and ;, j € {—1,0,1,2, ...}is the
effect that the number of years after diagnosis has on Y. These
are the primary parameters, interpreted as the effect that the
cancer diagnosis has had on the case’s income development, j
years after diagnosis. The pre-diagnosis year (—1) was used as
reference category.

The parameters o), o € {44,45, ...,67} represent the
effect that the pair’s age at the time of income has on Y.
Youngest women (age 44 in the pre-diagnosis year) were used
as reference group. Age may have a non-linear relation to
income development and is therefore included in to the model
as confounder. The vectors x; and X; represent level of
education, immigration history, and number of children for
cases and controls, respectively. Here, the vectors x; and X;
represent confounding socio-demographic factors that were
not used in the matching procedure. Parameter vectors for
cases and controls are denoted by ¢ and ¢ , respectively.

The error term is given as the sum 6,+¢, ;, where both §; ~
N (0, ™) and &, i~N (0, 0”) are independently identically
distributed. Here, §, is a random error associated with pair i
and is constant for all years ;. It captures the clustering effect
of correlated observations from the same pair i over time. The
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term ¢, ; is a random error associated with each individually
observed pair i at year j. This error structure represents multi-
level modelling, with the pair as the clustering unit.

Note that the right-hand side of Equation (1) can be
expressed in a standard form of a sum of parameters and
predictors as follows:

Yij=a+Y Bidij+ Y Yaeijat ) Oiakik
J o k

+ Z @j,zﬁz‘,k +0;i+eij
k

Here, d; ;- is a dummy variable, equal to 1 if j=;', and 0
otherwise. Similarly, e; ; , =1, when pair i was of age o/ years
after diagnosis, and 0 otherwise.

In the model estimation, a combination 7 j of a pair i and
number years j after diagnosis was only used if both the case
and control were alive at that time.
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