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exercise trial.

Methods: Survivors (aged 35—68 years) were randomized to a 12-month exercise trial after adjuvant
treatment and followed up for ten years. HRQoL was assessed with the generic 15D instrument during
follow-up and the younger (baseline age < 50) and older (age >50) survivors’ HRQoL was compared to
that of the age-matched general female population (n = 892). The analysis included 342 survivors.
Results: The decline of HRQoL compared to the population was steeper and recovery slower in the
younger survivors (p for interaction < 0.001). The impairment was also larger among the younger sur-
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Exercise vivors (p = 0.027) whose mean HRQoL deteriorated for three years after treatment and started to slowly
Follow-up studies improve thereafter but still remained below the population level after ten years (difference —0.017, 95%
Health-related quality of life Cl: —0.031 to —0.004). The older survivors’ mean HRQoL gradually approached the population level
Utility during the first five years but also remained below it at ten years (difference —0.019, 95% CI: —0.031

to —0.007). The largest differences were on the dimensions of sleeping and sexual activity, on which both
age groups remained below the population level throughout the follow-up.
Conclusions: HRQoL developed differently in younger and older survivors both regarding the most
affected dimensions of HRQoL and the timing of the changes during follow-up. HRQoL of both age groups
remained below the population level even ten years after treatment.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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quality of life (HRQoL). Some previous studies report that in com-
parison to general population peers, breast cancer survivors suffer
from many limitations in functioning and symptoms even years
after cancer treatment [1—4] while other studies have failed to
detect any long-term difference in HRQoL between cancer survi-
vors and controls without cancer [5].

Previous studies have reported a more severe impact of breast
cancer on younger survivors’ HRQoL and emotional well-being. A
systematic review concluded that lower HRQoL and depressive
symptoms were more frequent or severe in younger (<50 years)
survivors when compared to older (>50 years) survivors and that
the mental, as opposed to physical functioning domains, were most
severely impacted in the younger survivors [6]. Champion et al.
reported that younger breast cancer survivors had more depression
and fatigue, lower attention function, and lower sexual function
than age-matched controls and older survivors, and more anxiety
and sleep difficulty than the older ones several years after diagnosis
[7]. Similarly, Marschner et al. found that younger, premenopausal
patients reported a decrease in emotional well-being more often
and more anxiety than postmenopausal patients [8].

HRQoL can be measured either with disease-specific in-
struments, which are sensitive in detecting impairments related to
a certain disease and its treatment, or with generic HRQoL in-
struments intended for use across different diseases and conditions
and allowing comparisons of results across different populations.
Generic instruments produce a single index utility score, a profile,
or both. Most of the cancer-specific HRQoL instruments that have
been used in cancer survivorship studies have been developed to
capture acute disease and treatment-related side-effects. Many of
these side-effects are usually no longer relevant in the post-
treatment survivorship in disease-free survivors [9]. A generic
HRQoL measure, covering aspects of both physical and psychosocial
health, serves well in the follow-up care of cancer survivors and
enables a comparison to the general population revealing the stress
that breast cancer and its treatment place on individuals. The 15D, a
generic HRQoL measure, has been shown to have high discrimi-
natory power and content validity in different states of breast
cancer survivorship [10].

The BREX (BReast cancer and EXercise) study is an open, pro-
spective, multicenter phase Il randomized clinical trial investi-
gating the effect of a supervised 12-month exercise intervention on
HRQoL and bone health in disease-free breast cancer survivors. At
baseline, the survivors had lower HRQoL compared to the age-
standardized general female population both when measured
with the generic 15D and with the cancer-specific EORTC QLQ-C30
instruments [11,12]. During the intervention (i.e., the first year after
adjuvant treatment), the survivors’ HRQoL improved in both the
intervention and control groups measured with the EORTC QLQ-
C30, but no effect of the exercise intervention on HRQoL was
detected at one- or five-year follow-ups [13,14]. At five-year follow-
up, the HRQoL of the survivors, measured with the 15D, still
remained below the population level [15].

The aim of this report was to compare the mean HRQoL of
younger and older breast cancer survivors to that of age-matched
general Finnish female population during the nine years
following the intervention, i.e., until ten years after primary treat-
ment. The focus is on the effect of the patients’ age at onset of
illness on the changes of mean HRQoL over time.

2. Methods

Female breast cancer survivors (n = 573) were enrolled in the
BREX study between September 2005 and 2007. Women aged from
35 to 68 years who had newly diagnosed locally invasive breast
cancer (staged T1-4N0-3) and who had recently completed
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adjuvant chemotherapy or started endocrine and/or radiotherapy
were included. Excluded were patients who had osteoporosis or
disease affecting calcium and bone metabolism, severe cardiac
disease, or other conditions contraindicating rigorous exercise
training, as well as patients who had had a prior malignancy or
were found to have hematogenous metastases.

The processes of recruitment, randomization, and the inter-
vention have been reported in detail earlier [12,13,16,17]. The local
Ethical Committee of the Helsinki University Hospital approved the
study protocol and written informed consent was obtained from all
participants. The trial has been registered in the Helsinki and
Uusimaa Hospital District Clinical Trials Register (www.hus.fi) (trial
number 210590) and on the clinical trials website http://www.
clinicaltrials.gov/(identifier number NCT00639210).

The medical history of the survivors was assessed at the baseline
visit. The survivors filled in questionnaires covering HRQoL, de-
mographics, and lifestyle habits at baseline and thereafter at nine
follow-up points until ten years. After the baseline visit, survivors
were randomized either to a one-year supervised exercise training
group or to a control group. The exercise intervention consisted of a
12-month weekly supervised aerobic exercise program and in-
structions for three times a week home exercise. The control group
was encouraged to continue their previous exercise habits.

HRQoL was measured by the 15D, a generic, 15-dimensional,
standardized, self-administered HRQoL instrument that can be
used both as a profile and a single index utility score measure
[18,19]. The health state descriptive system (questionnaire) is
composed of the following dimensions: mobility, vision, hearing,
breathing, sleeping, eating, speech (communication), excretion,
usual activities, mental function, discomfort and symptoms,
depression, distress, vitality, and sexual activity. For each dimen-
sion, the respondent chooses one of the five ordinal levels of
severity best describing her state of health at the moment.

The valuation system is based on an application of the multi-
attribute utility theory. The single index score (15D score), repre-
senting the overall HRQoL on a 0—1 scale (1 = full health, 0 = being
dead) and the dimension level values, ranging from no problems on
the dimension (=1) to being dead (=0), are calculated from the
patient ratings on the questionnaire by using a set of population-
based preference or utility weights. As deceased persons cannot
fill in the questionnaire, they are assigned a 15D score of 0.

We included the 15D in the present study for two main reasons.
Firstly, we had HRQoL data measured by the 15D available from a
representative general population sample in Finland [20]. Secondly,
the use of a generic HRQoL instrument like 15D in addition to a
disease-specific instrument like EORTC QLQ-C30, also used in our
study, enables comparisons across different diseases and cost-
utility analyses. A recent study has ranked 15D first in sensitivity
and construct validity among several generic instruments (AQoL,
EQ-5D, HUI3 and SF-6D) in cancer patients [21].

Mean dimension level values are used to draw 15D profiles for
groups. The minimum clinically important change or difference in
the 15D score has been estimated to be +0.015 on the basis that
patients can on average feel such a difference [22]. The 15D was
incorporated into the study during the second recruitment year.
Thus, one third completed the 15D questionnaire at baseline and
about half the patients at the 1-year follow-up visit. The mean
HRQoL of the breast cancer survivors was compared to that of an
age-matched representative sample of the general Finnish female
population (n = 892) measured in the National Health 2011 Health
Examination Survey [23].

After randomization, 36 survivors were excluded; 33 had oste-
oporosis, one had metastatic breast cancer, one had received
endocrine treatment for more than four months, and one had pri-
mary lung cancer. Finally, 537 survivors were included in the study.
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At the ten-year follow-up, 157 survivors had been excluded: 29 had
a new malignancy, 77 had a breast cancer recurrence, 42 dis-
continued the study, one had deceased, and eight were excluded for
other reasons or lost to follow-up. 15D data were available from
n = 179 survivors at one year, n = 312 at two years, n = 327 at three
years, n = 311 at five years, and n = 342 at ten years. A flow chart of
patient inclusion in the present study is shown in supplemental
Figure 1.

Here we report the HRQoL of the 342 breast cancer survivors
who filled in the 15D at ten-year follow-up and at least one other
follow-up point between one- and ten-year follow-up. As there was
no difference between the exercise and the control groups
measured by the EORTC-QLQC30 at one- or five-year follow-ups
[13,14], the survivors are analyzed here as one group. A separate
analysis in pre- and postmenopausal women was pre-planned in
the study protocol. While determining menopausal status was
challenging due to e.g., hysterectomy, endocrine therapy, and
menopausal changes during chemotherapy, we used the age of 50
years as a cut-point. An age limit instead of baseline menopausal
state was chosen for several reasons. Firstly, most of the previous
literature on quality of life (QoL) in breast cancer patients use an
age limit (most commonly 50) [6,24]. Secondly, since 15D mea-
surements in most patients started at the one-year follow-up visit,
baseline menopausal state was considered to be of minor relevance
in the present study, since most of the previously premenopausal
patients had already experienced a drug-induced menopause.
Moreover, determination of menopausal status in premenopausal
patients under endocrine therapy was not part of the BREX exercise
study. To investigate the effect of age at diagnosis on HRQoL,
younger (<50 years at baseline) and older (>50 years) survivors
were compared to their age-matched general population.

The descriptive statistics are presented as means with standard
deviations (SD) or as counts with percentages. Age-matching was
performed with five-year age cohorts at each follow-up point.

The effect of age group, time, and their interaction on HRQoL
scores was analyzed using generalizing estimating equations (GEE)
models with an unstructured correlation structure. Two sets of
analyses were made, the first of the absolute HRQoL measures of
the two age groups, the second of the difference between the
survivors’ HRQoL measures and those of the age-matched women.
GEE models take into account the correlation between repeated
measurements in the same subject, they do not require complete
data and can be fit even when individuals do not have observations
at all the time points. The normality of variables was evaluated
graphically and using the Shapiro—Wilk W test. Stata 16.1 (Stata-
Corp LP, College Station, TX, USA) was used for the analysis. A sig-
nificance level of <0.05 was used for testing the HRQoL score. A
Bonferroni adjustment for multiple testing was used in the analysis
of the 15 dimensions of the 15D instrument (p-value limit 0.0033).

3. Results

The baseline characteristics of the 342 breast cancer survivors
who participated in the ten-year follow-up are presented in Table I.

There was no significant difference between younger (baseline
age < 50 years) and older (>50 years) survivors in mean HRQoL in
the direct comparison during follow-up (p = 0.90) (Fig. 1a).
Compared to the age-matched general female population, the
mean HRQoL was significantly more impaired in the younger than
in the older survivors during the ten-year follow-up (p = 0.027)
(Fig. 1b). The change of mean HRQoL during follow-up was signif-
icantly different in the younger and older survivors (p for interac-
tion < 0.001) (Fig. 1b). The younger survivors' mean HRQoL
deteriorated for up to three years after adjuvant treatment, and
although improving considerably between five and ten years of the
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follow-up, it remained, both statistically and clinically, significantly
below the population level at ten years (difference —0.017, 95%
Cl: —0.031 to —0.004). The older survivors’ mean HRQoL gradually
approached the population level during the first five years but also
remained significantly lower than that of the population at ten
years (difference —0.019, 95% CI: —0.031 to —0.007) (Fig. 1b). The
older survivors showed a subtle decrease in HRQoL between five
and ten years of follow-up in contrast to the improvement in
younger survivors.

Fig. 2 demonstrates age-matched mean scores of the different
dimensions of the 15D for the younger and older survivors during
the ten-year follow-up. Both younger and older survivors were
significantly worse off than the general population in sleeping and
sexual activity throughout the ten-year follow-up (Fig. 2). Mental
function was also significantly impaired throughout the follow-up,
except for the older women at the last follow-up. Younger survivors
had significantly lower scores in vision, hearing, and sleeping.
Discomfort and symptoms improved during follow-up. The inter-
action between age and time was highly significant for sleeping,
eating, and excretion, and barely significant (p 0.003) for
depression (Fig. 2). Tables of values corresponding to means and
confidence intervals depicted in Figs. 1 and 2 are included as sup-
plement tables.

4. Discussion

The results of the present study are in line with earlier findings
showing that living through breast cancer and its treatments is a
difficult experience affecting many important aspects of health-
related quality of life even several years after the treatment. By
comparing the survivors to an age-matched general female popu-
lation we found that age at diagnosis influenced the effect on the
HRQoL patterns of younger and older survivors. The younger sur-
vivors had a steeper drop in mean HRQoL during the first three
years compared to the flatter curve of the older ones. After five
years the younger survivors’ mean HRQoL improved, while the
older survivors showed a decrease. In both age groups, HRQoL
remained below the population level at the last follow-up.
Regardless of age group, the largest differences, compared to the
general population throughout the study period, were on the di-
mensions of sleeping and sexual activity.

Our results are in line with earlier reports indicating that HRQoL
impairments are largest during the first years after diagnosis
[1,4,25,26]. Two cross-sectional studies reported that HRQoL
approached the level of the general population or controls without
cancer after approximately five years [4,25]. Several longitudinal
studies with longer follow-up periods extending up to ten years
post-diagnosis, however, have reported that a new downward shift
in HRQoL was seen after an initial improvement in the first years
and that survivors had lower HRQoL, more symptoms, and
decreased functions even ten or more years after treatment
[2,3,27,28]. A delayed decline in HRQoL might reflect late effects
resulting from cancer and its treatment, such as cardiac, respiratory,
or musculoskeletal problems that may appear more than five years
after treatment [29,30].

In addition to the difference in the change of HRQoL over time,
there were differences between the age groups on certain di-
mensions of the 15D. Younger women scored worse for vision,
hearing, and sleeping. While the difference between the survivors
and the age-matched population was relatively small for vision and
hearing, the scores for sleeping were considerably lower in both
age groups. The younger survivors approached the population on
all dimensions at ten years while the older ones diverged from the
population on several dimensions after five years of follow-up. We
found a significant interaction between age and time-course for
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Baseline characteristics of the breast cancer survivors who participated in the ten-year follow-up.

Variables Younger survivors (n = 116) Older survivors (n = 226) All survivors (n = 342)
Age, years, mean (range) 45.0 (35-50) 57.6 (51-69) 53.3 (35-69)
Years of education, mean (SD) 15.0 (2.9) 13.6 (3.5) 14.0 (34)
Menopausal status, n (%)
e Premenopausal 110 (94.8) 44 (19.5) 154 (45.0)
e Postmenopausal 6(5.2) 182 (80.5) 188 (55.0)
Marital status, n (%)
e Married/Co-habiting 80 (69.0) 148 (65.5) 228 (66.7)
e Unmarried 15 (12.9) 30(13.3) 45 (13.2)
e Divorced 18 (15.5) 32(14.2) 50 (14.6)
« Widowed 1(0.9) 13 (5.8) 14 (4.1)
¢ Information missing 2(1.7) 3(1.3) 5(1.5)
Breast surgery, n (%)
o Mastectomy 66 (56.9) 106 (46.9) 172 (50.3)
e Breast conserving surgery 50 (43.1) 120 (53.1) 170 (49.7)
Axillary operation, n (%)
o Axillary dissection 80 (69.0) 167 (73.9) 247 (72.2)
o SNB 36 (31.0) 59 (26.1) 95 (27.8)
Adjuvant treatments, n (%)
e Chemotherapy 107 (92.2) 203 (89.8) 310 (90.6)
« Radiotherapy 89 (76.7) 174 (77.0) 263 (76.9)
e Endocrine treatment 93 (80.2) 191 (84.5) 284 (83.0)
BML, n (%)
e <25 (normal weight) 68 (58.6) 95 (42.0) 163 (47.7)
e 25-30 (overweight) 6 (31.0) 92 (40.7) 128 (37.4)
o >30 (obese) 2(10.3) 39(17.3) 51 (14.9)
Any reported disease, n (%) 43 (37.1) 142 (62.8) 185 (54.1)
Smoker, n (%) 9(7.8) 19 (84) 28 (8.2)
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Fig. 1. a. Mean HRQoL and 95% confidence intervals of the younger and older breast cancer survivors during the ten-year follow-up. A difference of +0.015 in the HRQoL score is
considered clinically important. 1b. The difference in mean HRQoL between the breast cancer survivors (BCS) and the age-matched general female population during the ten-year
follow-up. The mean values of the general population are presented with a dashed line. A difference of +0.015 in the HRQoL score is considered clinically important.

sleeping, eating, excretion, and depression. The dimensions of
sleeping, excretion, and to some extent depression, seemed to
explain most of the difference in the change over time of HRQoL
between the age groups. The clinical relevance of the statistically
significant interaction for eating is difficult to interpret since the
mean scores were high and close to the population values
throughout the study period in both age groups.

We have not been able to find any previous long-term breast
cancer survivor study utilizing the 15D questionnaire. However, a
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number of previous studies have investigated the different aspects
of HRQoL using other quality of life (QoL) instruments. The different
QoL subscales in these questionnaires do not necessarily corre-
spond exactly to those in 15D, making comparisons difficult. Many
studies have indicated anxiety and depression to be more common
in younger survivors [6,7,31,32]. In several studies also a more
pronounced HRQoL impairment and a more devastating effect on
emotional functioning in younger survivors has been reported
[3,6,7,24,31-33]. Thus, these studies confirm our findings that
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Fig. 2. Difference in mean 15D dimension scores between the breast cancer survivors (BCS) and the general population during follow-up. The black squares represent the older
survivors and the white ones the younger survivors. Bonferroni corrected 95% confidence intervals are presented with whiskers. The mean values of the general population are

presented with a dashed line.

depression is more severe in younger women, a finding that may be
related to the fact that younger women suffer more from trouble
with sleeping. An investigation of associations between different
dimensions of HRQoL could reveal possible causal relationships
between these. This type of analysis requires extensive statistical
methods and was not within the scope of the present study. We are,
however, conducting in a separate study a statistical network
analysis in the BREX study on the different subscales of the EORTC
QLQ-C30 questionnaire which may be better suited for this type of
analysis in breast cancer survivors, since it focuses more specifically
on symptoms related to cancer.

Results on how long the more pronounced HRQoL impairment
in younger survivors lasts vary [3,6,24,31,33]. A study with survi-
vors ten years from diagnosis found significant restrictions on
nearly all functioning and symptom scales of the EORTC-QLQC30
when compared to the general population, and the differences
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were largest for younger survivors who had impairments on all
scales [3]. In that study, about one-fifth of the survivors had a breast
cancer recurrence while we included only disease-free survivors,
and more survivors had been treated with axillary dissection,
which may explain some of the differences in the findings. Another
study with survivors treated with breast-conserving surgery and
radiotherapy reported that younger survivors had lower HRQoL
than older ones in the first year after radiotherapy, although of
limited clinical relevance. Three years after radiotherapy the
younger survivors had HRQoL values equal to the general popula-
tion [24]. The survivors in that study had, however, less severe
disease and thus had received fewer adjuvant treatment modalities
and less invasive surgery than our study population, which might
have contributed to their more rapid recovery.

The reason why younger survivors suffer relatively more during
the early years was not explicitly addressed in the present study.
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Younger women are, however, often diagnosed with more severe
disease, and as younger age as such is a risk factor for worse
prognosis, they are more likely to receive systemic treatment.
Systemic treatment induces premature menopause, either by
damaging the ovaries or altering the uptake of estrogen, and is
associated with a high acute risk of transient or permanent
amenorrhea and menopausal symptoms [34—36]. Menopausal
symptoms such as hot flashes, disturbed sleep, vaginal dryness, and
dyspareunia are more frequent and severe when menopause occurs
abruptly because of cancer treatment than after natural menopause
[37—39]. This could contribute to the fact that younger survivors
show a more pronounced impairment compared to the general
population in the early years, while at the ten-year follow-up the
age-matched population has also become peri- or postmenopausal
and the difference has evened out.

We compared the two age groups of survivors with respect to
how they compared to their respective age-matched general pop-
ulations. Like the juxtaposition of Fig. 1a and b shows, comparing
the age groups directly would be meaningless, since age effects
would confound the effects of cancer on survivors of different ages.
The prevalence of chronic illnesses likely to affect HRQoL increases
with age. The younger a breast cancer patient is at diagnosis, the
more drastic is the change in HRQoL, i.e., the more she has to lose.
When an older woman, already possibly suffering from one or more
conditions affecting her HRQoL, is diagnosed with breast cancer,
the added relative loss of HRQoL is smaller. Also, the older popu-
lation to which they are compared has on average a higher preva-
lence of illnesses affecting their HRQoL. Thereby the comparison of
HRQoL values between the survivors and the population may be
more lenient for the older group.

The main limitation of the BREX study pertains to the selection
of participants with a healthy lifestyle and good physical perfor-
mance. Like in all behavioral studies, physically active and healthy
people are more willing to participate. Merely the opportunity of
participating in an exercise study further activates the participants
irrespective of the study group [13]. Even though the recruitment
rate of eligible women was high (78%), the exclusion criteria, e.g.,
musculoskeletal disorders, osteoporosis and cardiovascular disease
prevented participation in the study. These health issues become
more frequent with increasing age, which may have led to a more
pronounced selection of healthier and physically fit survivors
especially in the older group. This may indeed affect the absolute
levels of the different dimensions of 15D to the benefit of the older
group but can hardly have any bearing on the different curve
shapes of the change of HRQoL between the age groups during the
ten-year follow-up. The main strengths of the present study are the
long follow-up time and the large number of patients.

5. Conclusions

In the present study, breast cancer survivors were followed for
more than ten years after diagnosis. HRQoL changed differently
during follow-up in younger and older survivors both regarding the
most affected dimensions of HRQoL and the timing of the changes.

Our findings suggest that the age of onset of illness may affect
the need for integrating a rehabilitation plan including psychoso-
cial support, during the treatment phase and follow-up/
survivorship care, to reduce HRQoL impairments over time.
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