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ABSTRACT B

Background. The objective of this study was: 1) to compare health-related quality of life (HRQoL) scores of breast
cancer survivors to matched controls; and 2) to examine the relative impact (explained variance) of the type and number
of co-morbidities on HRQoL.

Material and methods. Data from the KARMA project was used in this cross-sectional study. For each woman diag-
nosed with breast cancer (n =2552) there were two healthy age- and geographically matched females (n =5104). Breast
cancer survivors were categorized according to time since diagnosis: recently diagnosed (0—1 year), short- (2-5 years),
mid- (6-10 years), and long-term survivors (> 10 years). Women completed a questionnaire addressing demographics
(age, educational level, and geographical location), lifestyle factors (body mass index (BMI) and smoking), co-morbidities,
and HRQoL. The difference in explained variance in six HRQoL-domains between demographics, lifestyle factors, and
co-morbidity in women with breast cancer and matched controls was examined by hierarchical regression analyses.
Results and conclusion. Women recently diagnosed (n= 63), reported the worst HRQoL followed by short-term
survivors (2-5 years, n = 863). Thereafter, HRQoL scores further improved (6-10 years, n = 726), and were comparable
to healthy females after 10 years (n = 893). Co-morbidity has a negative impact on HRQoL, which increased with time
after diagnosis. Cardiovascular disease and depression were the strongest associates. Breast cancer survivors report
clinically significant improvement in HRQoL scores six years after diagnosis. Co-morbidity has a negative impact on
HRQoL, which increases with time after diagnosis, even though the number of co-morbidities remains stable. In long-
term survivors there should be increasing awareness of co-morbidity and its impact on HRQoL.

breast cancer survivors with one or more co-morbid
conditions [9]. In general, few studies have addressed

Over the past few decades, breast cancer treatments
have become more effective. As a result the number

of survivors has increased dramatically [1]. Within the
field of oncology, there has become increasing aware-
ness for long-term outcomes, such as health-related
quality of life (HRQoL) [2]. Ample research has been
conducted examining HRQoL among breast cancer
patients and short- and long-term survivors [3-7].
However, very few studies have examined the entire
scope of patients ranging from recently diagnosed to
survivors up to more than 10 years after diagnosis.
Worldwide the population is ageing, which leads
to an increase in individuals with one or more chronic
diseases [8]. Together with increased survival rates,
this brings a new challenge: a growing number of

the impact of co-morbidity on HRQoL in cancer
patients or survivors [10-12]. More specifically,
studies targeting this issue in breast cancer are rare,
yet very important given that the number of breast
cancer survivors with co-morbid conditions is
expected to grow rapidly over the next few decades.

The focus of this cross-sectional study in breast
cancer survivors was therefore on HRQol -scores for
recently diagnosed and short-, mid-, and long-term
survivors. Moreover, we examined the impact
co-morbid conditions have on HRQoL. Our specific
objectives were: 1) comparing HRQoL scores of age-
and geographically matched controls to breast cancer
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survivors (i.e. 0—-1, 2-5, 6-10, > 10 years after diag-
nosis); and 2) examining the relative impact (i.e.
explained variance) of the type and number of
co-morbidities on HRQoL on top of demographics
and lifestyle factors.

Material and methods
Study population and procedure

Karolinska Mammography Project for Risk Prediction
of Breast Cancer (KARMA, www.karmastudy.org)
comprised 70 561 women who attended mammogra-
phy screening at one of four Swedish hospitals in the
period between January 2011 and August 2013. The
national mammography screening program invites all
women at 18 month intervals for those 40-55 years,
and for those between 56 and 74 years at 24 months.
Each woman who attended mammography screening
or a clinical mammography at one of the four hospi-
tals received a letter inviting them to participate in
KARMA one week after their call for mammography
screening. At each visit blood is donated which is pro-
cessed at the Karolinska biobank and participants
were asked to complete a comprehensive online sur-
vey, entailing more than 250 questions. The online
survey addressed breast cancer diagnosis (yes/no),
year of (first) breast cancer diagnosis and health-re-
lated issues (e.g. lifestyle factors; previous medical
conditions other than breast cancer; medication use;
and HRQoL). Unfortunately, no information such as
age or having ever received a (breast)cancer diagnosis
is available for the non-responders. In the present
study, we included all women who were ever diag-
nosed with breast cancer from the KARMA database.
In addition, for each breast cancer survivor, two age-
and geographically matched healthy controls — that is
women who were never diagnosed with cancer — were
selected from the KARMA database.

The KARMA study was approved by the Swedish
regional ethical board at the Karolinska Institutet
and is conducted in accordance with the Declaration
of Helskini [13].

Measurements

Demographics and lifestyle factors. Women’s age was
calculated by personal identification number, that is,
date of birth and date of participation. All women
reported their educational level and geographical
location. Geographical location was operationalized
as the three hospitals in the South of Sweden or the
Stockholm hospital. Based on women’s height in
meters divided by their squared weight in kilogram,
their body mass index (BMI) was calculated. The
number of years smoking was self-reported.

Breast cancer and co-morbidities. By means of the
online survey women reported whether they were
ever diagnosed with breast cancer and if so when
they were (first) diagnosed. Moreover, women
reported on having one of the following co-morbid
conditions; depression, diabetes, other cancers than
breast cancer, myocardial infarction, angina, heart
failure, and stroke. If women reported one or more
of the latter four conditions, they were categorized as
having cardiovascular diseases (CVD).

Health Related Quality of life (HRQoL). HRQoL was
measured with the FEuropean Organization for
Research and Treatment of Cancer Quality of Life
questionnaire Core 30 (EORTC QLQ-C30) [14]. It
includes overall quality of life (that is, global health
status), five functional scales (physical; role; emo-
tional; cognitive; and social), three symptom scales
(fatigue; nausea or vomiting; and pain), and six single
items (dyspnea; insomnia; appetite loss; constipation;
diarrhea; and financial difficulties). Symptoms of can-
cer and treatment are expected to diminish after treat-
ment has been terminated [12,15]. Moreover, there is
substantial overlap between the symptoms assessed by
the EORTC QLQ-C30 and co-morbidities. We there-
fore included overall quality of life and the five func-
tional scales in this study among survivors and healthy
controls. These scales are linearly transformed from 0
to 100. High scores on the quality of life scale indicate
a high level of HRQoL, and high scores on the func-
tional scales indicate a high level of functioning. The
EORTC QLQ-C30 is considered to have good psy-
chometric qualities and has been validated [14].

Statistical analyses

All breast cancer survivors were categorized in four
groups according to time since diagnosis: recently
diagnosed (0-1 year), short-term survivors (2-5
years), mid-term survivors (6—10 years), and long-
term survivors (> 10 years). Number of co-morbidities
were categorized in three groups: zero (0), one (1),
or more than one (> 1) co-morbidity. Differences in
demographics, lifestyle factors, and co-morbidities
between breast cancer survivors and the age- and
geographically matched controls were analyzed using
ANOVA, x? or t-tests were appropriate. Significant
differences were treated as possible confounders in
the subsequent analyses.

By means of linear regression analyses, changes
in HRQoL scores over time were analyzed by com-
paring scores among breast cancer survivors with
varying time since diagnosis to matched controls,
while controlling for the matching variables (age and
geographical location) and possible confounders
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(educational level, number of years smoking, and
number of co-morbidities). Statistically significant
differences in HRQoL are not always clinically sig-
nificant. Therefore, a scaled effect size (SCES) was
calculated by dividing the difference between
HRQoL-scores for breast cancer survivors and con-
trols by the scale range [6]. For example, the
HRQoL-scales range from 0 to 100, if a mean score
improves from 20 to 25,the SCESis5/100 X 100 = 5%.
ScES can be interpreted as clinically relevant when
ScEs=5 [16].

Finally, the impact of co-morbidities on HRQoL
was tested in various ways. First, unadjusted
HRQolL-scores were calculated for individuals with
0, 1 and >1 co-morbidity for both the total group
of breast cancer survivors and the controls. Second,
hierarchical multivariable regression analyses were
performed to assess the amount of variance in
HRQoLexplained by: 1) the number of co-morbidities
(0, 1, > 1); and 2) the type of co-morbidity (other
cancers, depression, diabetes, heart infarction,
angina, and heart failure) on top of demographics
and lifestyle factors. In the hierarchical regression
analyses variables were entered in blocks. First,
demographics (age, geographical location, and edu-
cational level) were entered as block 1. Then, life-
style factors (BMI and number of years smoking)
were added to the model in block 2. Finally, in block
3, co-morbidity (number of co-morbidities or type
of co-morbidity) was added. The change in R? was
reported as the amount of variance explained per
block. Explained variance (R?) was used as indica-
tor of unique contribution to explaining variation in
HRQoL. Studying the variance in HRQoL that is
explained by co-morbidity, provides us with an
effect size that shows the relative importance of co-
morbidity in relation to demographics and lifestyle
factors. Third, the hierarchical multivariable regres-
sion analyses addressing the impact of the number
of co-morbidities on HRQoL were repeated for the
subcategories of survivors. The prevalence of the
type of co-morbidities over the subcategories of
breast cancer survivors was too small to conduct the
additional analyses. Since the number of patients
included in this study was substantial (n= 2552
breast cancer survivors and n=5104 controls), a
conservative significance level of 0.01 (two-sided)
was employed. Analyses were performed in SPSS.

Results

Response rate, demographics, lifestyle factors, and
co-morbidities

For 65 981 (94%) of the 70 561 women in KARMA
survey data was available. For the present analyses
all women ever diagnosed with breast cancer

(n=2727; 4.1%) and two age- and geographically
matched controls (n=5454) were selected.

Demographics and lifestyle factors for breast can-
cer survivors and controls are presented in Table I.
The mean age for breast cancer survivors and con-
trols was 62 years. As expected, long-term survivors
were older (p<<0.01). Breast cancer survivors
reported having smoked for a longer time than the
matched controls (p<0.01).

Healthy women reported less often having (17%)
one or more co-morbidities then breast cancer sur-
vivors (25%) (Table I). This difference was due to
other cancers (ca. 10%) in our breast cancer survi-
vors compared to no cancer diagnoses in our healthy
women as that being ever diagnosed with cancer
rephrased women from being included as healthy
controls. Note that, other cancers could either be
diagnosed prior to or after the breast cancer diagno-
sis. In both controls and survivors depression was
most prevalent. The prevalence levels of both the
number and the specific co-morbidities were con-
stant across subgroups of cancer survivors.

Health-related quality of life over time

Figure 1 shows the general trend comparing the dif-
ferent subgroups of cancer patients/survivors to all
controls. Women recently diagnosed with breast can-
cer (n=63), reported the lowest levels of HRQoL,
followed by short-term breast cancer-survivors (2-5
years, n = 863). Role and emotional functioning were
similar after 6-10 years (n = 726) to the mean scores
reported by the controls. Scores on the quality of life,
cognitive and social functioning scales were compa-
rable to healthy females after 10 years (n=893).

Furthermore, each subgroup of breast cancer sur-
vivors was compared to their matched control group, and
adjusted scale means are presented in Table II. Breast
cancer survivors diagnosed within the last year reported
clinically significant lower scores (difference > 10%) on
five out of six HRQoL-scales. Short-term cancer sur-
vivors (25 years after diagnosis) also reported clinically
different scores (ca. 5%), that is, lower HRQoL-scores.
Although for four out of six HRQoL-scales, scores for
mid-term breast cancer survivors (6-10 years after
diagnosis) were statistically significantly lower than the
HRQoL of their matched controls, these differences
were not clinically significant. After 10 years HRQoL-
scores for survivors were comparable to that of their
matched controls with respect to all scales.

Impact of co-morbidity on health-related quality of life
on top of demographics and lifestyle factors

Figure 2 depicts the variance explained by demograph-
ics, lifestyle factors, and the number of co-morbidities
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Table I. Demographics, lifestyle factors, and co-morbidities for the study population in frequencies and percentages or mean and standard

deviation.
Subgroups of breast cancer survivors®
All breast cancer
Controls survivors 0-1 year 2-5 years 6—10 years > 10 years
(N=5104) (N =2552) N=63 (2.5%) N=863 (33.9%) N=726 (28.5%) N=893 (35.1%)
Demographics
Age in mean years (sd)® 61.6 (9) 61.7 (9) 57.8 (11) 59.0 (10) 61.4 (8) 64.8 (7)
Educational level®
Nine year school 881 (17) 410 (16) 9 (14) 115 (13) 122 (17) 162 (18)
Gymnasium 1325 (26) 702 (28) 21 (33) 243 (28) 213 (30) 224 (25)
University 2379 (47) 1194 (47) 28 (44) 432 (50) 333 (46) 399 (45)
Other 495 (10) 237 (9) 5 (8) 71 (8) 54 (8) 105 (12)
Geographical location®
Stockholm 2342 (46) 1171 (46) 29 (46) 430 (50) 400 (55) 519 (58)
South of Sweden 2762 (54) 1381 (54) 34 (54) 433 (50) 326 (45) 374 (42)
Lifestyle factors
BMI as mean score (sd) 25.4 (4) 25.5 (4) 25.5 (4) 25.7 (4) 25.2 (4) 25.5 (4)
Number of years smoking?® 5.9 (9) 6.7 (10) 5.8 (11) 6.4 (10) 6.7 (10) 7.0 (10)
Co-morbidities
Number of co-morbidities?
None 4129 (81) 1838 (72) 50 (82) 640 (76) 518 (74) 625 (72)
One 852 (17) 618 (24) 11 (18) 198 (24) 175 (25) 232 (22)
More than one 22 (0.4) 19 (1) 0 (0) 3 (0.4) 9 (1) 7()
Type of co-morbidities
CVD (yes) 251 (5) 127 (5) 4 (7) 34 (4) 38 (5) 50 (6)
Myocardial infarction 58 (1) 40 (2) 0 (0) 10 (1) 13 (2) 16 (2)
Angina 78 (2) 38 (2) 1) 13 (2) 12 (2) 12 (1)
Heart failure 48 (1) 27 (1) 2 (3) 6 (1) 6 (1) 13 (2)
Stroke 109 (2) 44 (2) 2 (3) 11 (1) 10 (1) 21 (2)
Depression 629 (12) 340 (13) 5 (8) 118 (14) 104 (14) 113 (13)
Diabetes 201 (4) 97 (4) 2 (3) 30 (4) 33 (5) 32 (4)
Other cancers®? 0 (0.0) 245 (10) 3 (5) 64 (7) 72 (10) 105 (12)

BMI = body mass index; CVD = cardiovascular disease; sd = standard deviation. *significant (p <0.01) difference between controls and all
breast cancer survivors; Psignificant (p <0.01) difference between subgroups of breast cancer survivors; for 7 breast cancer survivors the
year of diagnosis was missing, hence they could not be categorized according to time after diagnosis.

for the healthy controls and the entire breast cancer
sample. The total amount of explained variance in
HRQoL was higher for breast cancer survivors (R?
range 4.4-11.1%) than for the controls (R? range
3.6-10.3%). The reported number of co-morbidities

had an equally high impact among controls (R? range
2.0-5.7%) and among breast cancer survivors (R®
range 2.1-5.7%). Demographics had a greater impact
on HRQoL in breast cancer survivors (R? range 1.5
4.5%) than in controls (R? range 0.1-3.6%). In detail,
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Figure 1. General trend for HRQoL-scores for the subgroups of breast cancer survivors versus all controls. CF = cognitive functioning;
EF = emotional functioning; PF = physical functioning; QL = quality of life (global health); RF = role functioning; SF = social functioning.
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Table II. Comparison of HRQoL-scores for the subgroups of breast cancer survivors with their age- and geographically matched
controls.

BC survivors 0-1 year after BC survivors 2-5 years after BC survivors 6-10 years after BC survivors > 10 years after
diagnosis vs. matched controls diagnosis vs. matched controls diagnosis vs. matched controls diagnosis vs. matched controls
Adjusted mean Adjusted mean Adjusted mean Adjusted mean
HRQoL Contr BC Diff 95% CI Contr BC Diff 95% CI Contr BC Diff 95% CI Contr BC Diff 95% CI
QL 79.1 65.4 —13.7 —-20.6t0 —6.2* 79.8 73.7 —6.1 —7.6t0 —4.0* 80.2 763 -39 —-55t0 —1.5* 81.3 79.6 —1.7 —291t00.5
PF 93.8 94.1 03 —3.8t03.2 94.2 915 —-27 —-35t0 —1.5% 94.1 91.2 —-2.9 —37to—14% 924 913 —-1.1 —-2.0t00.2
RF 91.6 79.3 —12.3 —20.0to —4.0* 90.7 86.0 —4.7 —6.4to —2.6* 90.6 89.5 —1.1 —29to01.2 91.4 889 —-25 —4.0to —0.5*
EF 80.7 70.7 —10.0 —17.9to —3.4* 81.6 76.9 —4.7 —6.3to —2.8%* 82.7 80.9 —1.8 —3.51t00.2 84.2 83.0 —1.2 —-251t00.7
CF 90.0 80.6 —9.3 —149to0 —2.9* 89.5 83.6 —59 —-7.3t0 —4.1* 90.3 87.8 —-2.5 —38t0 —0.7¢ 90.3 889 —14 —2.6t00.1
SF 91.6 78.7 —12.9 —20.6t0 —6.9%* 92.6 858 —6.8 —83to —5.0% 92.9 89.0 —3.9 —54t0 —2.0% 93.8 924 —-14 —2.6100.3

Adjusted mean, mean HRQoL-scores, while adjusted for differences in demographics across groups (i.e. age, geographical location,
educational level, and number of years smoking) and number of co-morbidities. BC = breast cancer survivors; CF = cognitive functioning;
95% CI=95% confidence interval; Contr = controls; Diff = difference or scaled effect size (ScES); EF =emotional functioning;
PF = physical functioning; QL = quality of life (global health); RF =role functioning; SF =social functioning. *significant (p<0.01)
difference between breast cancer survivors and the matched controls.

both healthy women and breast cancer survivors Impact of type of co-morbidities on health-related
reported significantly lower HRQoL scores as the quality of life

number of co-morbidities increase. Older age was .
related to a higher mental functioning (e.g. emotional, When all co-morbidities were entered §eparate1.y
cognitive, and social functioning), but lower physical nto tbe model, th.e total p ortl.on of explztmed vart-
functioning. A higher BMI was significantly associ- ance in HRQoL 1ncrease§1 with 1.6-2.8% for th.e
ated with lower levels of HRQoL. Women, who control group and 0.5-2.5% for breast cancer survi-

reported that they have smoked a longer period, vors (Table III). In both groups, most variance in
scored lower on the HRQoL scales (data not HRQoL was explained by CVD or depression.
shown) The amount of variance (R?) explained by CVD’s

The analyses were repeated for the four different ranged from 0.3% to 1.8% for controls, and from

o, o, 3
subcategories of cancer survivors (recently diagnosed 2'2 % t.o 1.5% for brzas; can;:ego/surwg(g; Fo;
and short-, mid-, and long-term survivors). The total epression scores ranged trom 1.0% to 8.0% an

_7 .19 ;
amount of variance in HRQoL. explained decreased 0.9-7.1% for controls and breast cancer survivors,

over time, while the impact of the number of respectively.
co-morbidities on HRQoL increased (Figure 3). For
recently diagnosed patients the impact of co- Discussion
morbidities on HRQoL ranged from 0.0% to 1.8%.
For short-term survivors the impact ranged from This study showed that breast cancer survivors
1.2% to 2.8% and for mid-term survivors from 1.3% report a poorer HRQoL than healthy controls even
to 8.0%. For long-term survivors the impact of the 6—-10 years after diagnosis, with clinically significant
number of co-morbidities on HRQoL further differences up to five years after diagnosis. Co-
increased to 1.9-8.2%. morbidity has a negative impact on HRQoL, which
Controls Breast cancer suvivors
25
20
215 &
H g

\II
I

o o

o < & & & &

Figure 2. Explained variance (R? in percentages) of HRQoL-scores explained by demographics, lifestyle factors, and number of
co-morbidities among controls and all breast cancer survivors. Dotted (bottom) block, demographics (age, educational level, and
geographical location); black block, lifestyle factors (BMI and number of years smoking); stripped (upper) block, number of co-morbidities;
CF = cognitive functioning; EF =emotional functioning; PF =physical functioning; QL = quality of life (global health); RF =role
functioning; SF = social functioning.
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Figure 3. Explained variance (R? in percentages) of HRQoL scores explained by demographics, lifestyle factors, and number of
co-morbidities among the subgroups of breast cancer survivors (0—1 year, 2-5 years, 6—10 years, and > 10 years after diagnosis). Dotted
(bottom) block, demographics (age, educational level, and geographical location); black (middle) block, lifestyle factors (BMI and number
of years smoking); stripped (upper) block, number of co-morbidities. CF = cognitive functioning; EF =emotional functioning;
PF = physical functioning; QL = quality of life (global health); RF =role functioning; SF = social functioning.

increased with time after diagnosis, even though the
number of co-morbidities remained stable. The rela-
tive impact (i.e. explained variance) of the type and
number of co-morbidities on HRQoL was, however,
limited.

The presence ofthe different types of co-morbidities
did not differ between controls and breast cancer
survivors. This finding is unexpected as you would
anticipate a higher prevalence of co-morbid condi-
tions based on existing literature, since co-morbidities
are often seen as adverse (late) effects of cancer-
treatment and shared etiological factors are sug-
gested for both cancer and co-morbid conditions
[17]. Negative effects on cardiovascular functioning
are, for example, often reported as a result of cardio-
toxic chemotherapy or radiation to the thorax [18].

Moreover, obesity is seen as an etiological factor for
both cancer and CVD [17].

Breast cancer survivors reported lower HRQoL
scores on all scales compared to healthy women.
When looking at the various breast cancer survivor
groups, HRQoL dropped during the first years after
diagnosis. HRQoL scores improve thereafter, and
for role and emotional functioning the scores were
comparable to healthy females after 6-10 years. For
quality of life, physical, cognitive, and social func-
tioning scores, however, this process appeared to
take an even longer period. Functioning was com-
parable to that of healthy females after 10 years or
more. These results, that returning to HRQoL levels
similar to that in the population takes several years,
are supported by other studies. Studies comparing

Table III. Explained variance (R? in percentages) of HRQoL scores explained by demographics (age,
educational level, and geographical location), lifestyle factors (BMI and number of years smoking), and type
of co-morbidities among controls and all breast cancer survivors.

Controls Breast cancer survivors
QL PF RF EF CF SF QL PF RF EF CF SF
Co-morbidities
CVD 1.0 1.8* 1.1* 0.3* 0.5% 1.3% 1.3* 1.5% 0.7% 0.2 0.4* 0.3*
Depression 4.7*  1.0* 2.6* 8.0 7.0 44* 3.,5% 0.9% 1.3* 7.1* 5.1*% 2.6*
Diabetes 0.2¥ 0.2% 0.1 0.0 0.2% 0.1 0.4¥ 04* 0.1 0.0 0.0 0.0
(other) cancer Na Na Na Na Na Na 0.1 0.0 0.0 0.1 0.0 0.0
Demographics 0.7* 3.1* 0.0 3.2%  0.7%  0.5* 2.6% 2.3% 1.2%¥ 53% 56* 4.6%
Lifestyle factors 2.7%  5.8% 1.3* 0.6* 0.8* 1.0* 3.2%  7.6% 1.5% 1.0* 0.8* 1.0*
Total R? 9.6 123 5.2 12.2 9.3 7.5 11.2 129 5.0 13.6 119 8.5

Na = not applicable as controls did not have any (other) cancers. CF = cognitive functioning; CVD = cardiovascular
disease; EF = emotional functioning; PF = physical functioning; QL = quality of life (global health); R? = total
amount of explained variance; RF = role functioning; SF = social functioning. *p < 0.01, indicating a significant
relation between the individual co-morbidities, demographics, or lifestyle factors and HRQoL.
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cancer patients’ short-term HRQoL have found
lower levels of HRQoL than in the general popula-
tion up to five years after diagnosis [3-5]. In a review
and recent longitudinal study of HRQoL in mid-
and long-term breast cancer survivors more than five
years after diagnosis, most included studies reported
similar or higher levels of HRQoL as in the control
groups [6,7].

Having one or more co-morbidities was related
to significantly lower HRQoL scores for both breast
cancer survivors and controls, which is in agreement
with previous studies [10,15,19]. Although the num-
ber of co-morbidities in our study sample did not
increase with time since diagnosis, the effect on
HRQoL did increase. This finding is in agreement
with the results of a previous study of breast cancer
survivors, 20 years from the onset of breast cancer
treatment, where the impact of cancer and its
treatment decreased over time and was largely
replaced by the impact of age-related co-morbidities
and functional decline [10]

Demographic factors, with age in particular, had
the greatest impact on HRQoL in recently diag-
nosed breast cancer patients. In other words,
younger women reported lower HRQoL-scores then
older women in the first years after diagnosis.
Getting a breast cancer diagnosis and undergoing
treatment may be particularly hard on young women,
given their often challenging and demanding life
(e.g. combining long work hours and child care).
This is in agreement with a study by Ganz et al.
who showed that the effect of cancer on educational
and family plans, and the ability to take care of
others including children is stronger in younger
than in older women [20].

The total amount of variance explained in this
study was lower than in a comparable study among
(non)Hodgkin’s lymphoma, thyroid and colorectal
cancer [15], yet similar to a study in recently diag-
nosed breast cancer patients [21]. There are many
other factors, such as social support, for example,
that could have impacted participants’ HRQoL [22].
Moreover, several studies have shown that in addi-
tion to the disease or symptoms, the experienced
symptom distress has a large negative impact on
HRQoL [10].

Co-morbidities were assessed by means of self-
report. This may be an advantage as physician diag-
nosis and self-report shows a high level of agreement
[23], whereas co-morbidities are often underreported
in registries [24]. Our cross-sectional study design
makes it unclear whether co-morbid conditions —
including other cancers — were present before or after
breast cancer diagnosis. Hence, the direction of the
relation between HRQoL and co-morbidity remains
unclear. Moreover, by virtue of remaining disease-free

for more than 10 years, long-term survivors have a
better prognosis, may have received less aggressive
treatment, and are more likely to comply with screen-
ing, compared to women closer to their breast cancer
diagnosis. Furthermore, only a limited number of
recently diagnosed women were included, which may
be due to toxicities related to active treatment. In
addition, no information on demographics and
(breast) cancer status of these non-attenders or non-
participants was available, therefore the possibility of
selection bias cannot be ruled out.

Finally, it is important to discuss the implica-
tions of the selection procedure for the interpreta-
tion and generalizability of our results. First, the
mammography attendance rate was unknown,
although on average 80% of women participate in
the Swedish national breast cancer screening pro-
gram [25]. In our study that means that of the 207
662 women eligible for mammography screening in
one of the four KARMA hospitals during the inclu-
sion period, approximately 166 130 women (~80%)
attended screening. During the study period, 70 561
women — approximately 42% of the approximately
166 130 — were included in KARMA. Reasons for
why women did not attend mammography screen-
ing or participated in the KARMA study are
unknown. Second, we included two healthy age- and
geographically matched controls which were not
diagnosed with breast cancer nor received any other
cancer diagnosis. Moreover, women attending one
of four KARMA hospitals, either in Stockholm or
South Sweden, were invited to participate. It is
therefore unclear whether our results can be gener-
alizable to women who do not have breast cancer
but were ever diagnosed with other forms of cancer.
Moreover, results may not be generalizable to women
living in other parts of Sweden. Nonetheless, these
effects of a possible selection bias and restricted
generalizability are likely to be limited due to our
case-control design.

This study has various strengths, such as the large
number of breast cancer survivors and the inclusion
of an age- and geographically matched control group.
Although our study was cross-sectional, a wide range
of breast cancer survivors were included, ranging
from recently diagnosed to survivors up to more than
10 years after diagnosis. This cohort therefore encom-
passes various survivors who were treated with a
wide range of treatments. Self-reported information
on type of treatment was limited to 67% of the
included survivors. Almost all of them (99%) were
surgically treated. In addition, 35% and 73% received
chemo- and/or radiotherapy. Adding information on
type of treatment to the model relating co-morbidities
to HRQoL did not increase the level of explained
variance (data not shown). Type of treatment was
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moreover not statistically significantly related to
HRQoL in the model.

In conclusion, the results of this study underscore
the resilience of breast cancer survivors. Hence,
HRQoL of breast cancer survivors is impaired dur-
ing the first five years, but improve thereafter, and is
comparable to healthy controls 6-10 years after diag-
nosis. Moreover, results display the importance of
co-morbidity and its effect on HRQoL. Co-morbidity
is an important research area, as it does not only
impact HRQoL, but can also interfere with treat-
ment and prognosis [26]. Future research focussing
on co-morbidities in breast cancer survivors is
therefore warranted.
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