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Abstract The incidence of breast cancer, as well as other
chronic disease, increases with age, older breast cancer
patients being more likely than younger to suffer from
other diseases at time of diagnosis. Our objective was to
assess the effect of comorbidity on mortality after early
breast cancer. 62,591 women diagnosed with early breast
cancer 1990-2008 were identified using the Danish Breast
Cancer Cooperative Group Registry. Data were linked to
the Danish National Patient Register and the Danish Reg-
ister of Causes of Death. Main outcome measures were
mortality from all causes, breast cancer, and non-breast
cancer causes in relation to Charlson comorbidity index
(CCI). Compared with patients without comorbidity (CCI
0), the presence of comorbidity increased the risk of dying
from breast cancer as well as other causes with adjusted
hazard ratios (HRs) for all-cause mortality of 1.45 (CI 95%
1.40-1.51) for CCI 1, 1.52 (95% CI 1.45-1.60) for CCI 2,
and 2.21 (95% CI 2.08-2.35) for CCI 3+. Equivalent HRs
for breast cancer-specific mortality were 1.30 (95% CI,
1.24-1.36) for CCI 1, 1.31 (95% CI 1.23-1.39) for CCI 2,
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and 1.79 (95% CI, 1.66-1.93) for CCI 3+ (all P val-
ues < 0.0001). For patients with CCI 0, 5-year overall
survival increased over time from 72.5% (95% CI,
71.7-73.3%) in 1990-1994 to 81.6% (95% CI, 80.9-82.2)
in 2000-2004, whereas the 5-year overall survival
remained stable around 43% among the patients with CCI
3+. This population-based cohort study shows that com-
pared with patients without comorbidity, the risk of dying
from breast cancer as well as other causes increased sig-
nificantly with increasing CCI score. While survival
improved over time for patients without comorbidity, no
improvement was seen among patients with severe
comorbidity (CCI 3+).
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Abbreviations
HR Hazard ratio
CI Confidence interval

CCI The Charlson comorbidity index

DBCG The Danish Breast Cancer Cooperative Group
RCD The Danish Registers of Causes of Death
CPR The Central Population Registry

ER Estrogen receptor

CT Chemotherapy

E Endocrine therapy

Introduction

Breast cancer is the most frequent malignant disease among
women with more than a million new cases diagnosed each
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year worldwide [1]. The incidence of breast cancer, as well as
other chronic diseases, increases with age, with older breast
cancer patients being more likely than younger to suffer from
other diseases at time of diagnosis [2]. Comorbidity can be
defined as the presence of one or more chronic health con-
ditions etiologically different from the disease under study,
in this case breast cancer [3].

Several studies from Europe and North America have
shown that comorbidity increases overall mortality [4]. In
49,616 breast cancer patients aged 67 years or older
diagnosed during 1992-2003 identified from the SEER-
Medicare database, adjusted hazard ratios (HRs) were 1.3
(95% confidence interval (CI) 1.2-1.4) for death from
breast cancer, and 2.6 (95% CI 2.5-2.8) for death from
other causes among patients with a Charlson comorbidity
index (CCI) score of two or more compared with patients
without comorbidity [5]. Similar results were obtained
from a Dutch study, including 7,978 breast cancer patients
diagnosed during 1995-2001, with HR for overall mortal-
ity of 1.4 (95% CI 1.3-1.5) for CCI 2+ [6]. Two prior
studies from Denmark have examined the effect of
comorbidity on overall mortality, death from breast cancer,
and death from other causes. Among 25,897 breast cancer
patients diagnosed between 1983 and 1999, adjusted HRs
were 1.52 (95% CI 1.25-1.85) for death from breast cancer
and 5.77 (95% CI 4.77-6.97) for death from other causes
among patients with CCI 24 compared with those without
comorbidity [7]. In a study of 9,300 breast cancer patients
from four counties in North Jutland, a trend of increasing
overall survival from 1995 to 2006 was found in patients
with a CCI less than three, whereas overall survival
decreased with time among patients with CCI 3+ [8]. In
this article, we update the results on the effect of comor-
bidity on overall mortality, mortality from breast cancer,
and from other causes, with information from the Danish
population of patients with early-stage breast cancer diag-
nosed between 1990 and 2008.

Materials and methods
Data collection and study factors

We performed a population-based cohort study by linking
the following Danish registries using the unique personal
identification number: the Danish Breast Cancer Coopera-
tive Group (DBCG) Registry, the Danish National Patient
Register (NPR), the Central Population Registry (CPR),
and the Danish Register of Causes of Death (RCD). The
study population included 62,591 women diagnosed with
early breast cancer in Denmark during 1990-2008.

Since 1977, the multidisciplinary DBCG has provided
diagnostic and therapeutic procedures and successive
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treatment guidelines in primary invasive breast cancer on a
nationwide basis in Denmark. Diagnostic, therapeutic, and
follow-up data have been collected prospectively in the
DBCG Registry by the use of standardized forms. Clinical
follow-up data including adjuvant treatment are limited to
10 years after diagnosis and restricted to patients enrolled
in a protocolled treatment program, but using the same
procedure for all patients regardless of whether the patient
participated in a randomized trial [9]. Almost complete
follow-up for all patients concerning vital state are
achieved through linkage to the CPR. Completeness of data
in the DBCG has been validated by linkage to the Danish
Cancer Registry and the National Pathology Registry
showing high agreement with data concerning adjuvant
treatment, and the result on type of first event and time to
first event. An age limit of 74 years in treatment guidelines
persisted until 2002 resulting in lack of information on
adjuvant treatment of women 75 years or older before the
year 2002 [9]. Information on comorbidity was obtained
for each woman in the study cohort by linkage to the NPR
which has collected data on all somatic hospital admissions
since 1977 and data on outpatients and emergency patients
since 1995. NPR includes, on an individual level, infor-
mation from all hospitalizations, including dates of
admission and discharge and up to 20 discharge diagnoses
per hospitalization. The NPR covers the entire nation, and
routine collection of data according to procedures pre-
scribed by the Danish National Board of Health does
support standardization and good quality of data. The
Danish population is very homogeneous with regard to race
and religion and stable; so loss to follow-up due to
migration is a minor problem since the CPR and the unique
person identification are both very accurate [10]. Several
studies have validated selected discharge diagnoses in the
NPR and showed that it had a moderate-to-high predictive
value for epilepsy and that it is a valuable tool for epide-
miologic research in regard to other diagnoses [11-13].
Comorbidity was measured using the CCI [14] developed
to predict 1-year mortality in medical inpatients and sub-
sequently validated among breast cancer patients, and
against other comorbidity indices [15, 16]. The CCI pro-
vides an overall score for comorbidity based on composite
values weighted by level of severity assigned to 19 selected
conditions scoring for 1-6 and the score was grouped as 0,
1, 2, or 34. The CCI in the present study was based on
hospital contacts with diagnoses other than breast cancer
from 10 years before the breast cancer diagnosis up to the
breast cancer diagnosis. Diagnoses of other malignancies in
the two months period preceding the breast cancer diag-
noses were excluded.

Information on vital status and migration was obtained
from the CPR and, for those who had died, we obtained
causes of death from the RCD, which holds information
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from death certificates. Causes of death were classified as
death due to breast cancer or to other (non-breast cancer)
causes.

Statistical analysis

Associations between CCI score and other characteristics
were analyzed by Chi-square tests. Follow-up was calcu-
lated as median-estimated potential follow-up [17].

Overall survival was calculated as the time from date of
surgery until death, irrespective of cause of death, or end of
follow-up (December 31, 2008), estimated using the Kap-
lan—Meier method.

Cumulative incidences in the presence of competing risk
were estimated for the risk of recurrence, the risk of death
from breast cancer, and the risk of death from other causes,
as first event, taking into account contra-lateral invasive
breast cancer and second primary non-breast cancer as
competing risks [18, 19]. Analysis included the patients
included in the DBCG treatment protocol.

The Cox proportional hazards regression model [20]
was used to assess the adjusted influence of CCI, with CCI
score 0 as reference, on overall, breast cancer-specific, and
non-breast cancer survivals with time since diagnosis as the
underlying time scale. Adjustment factors were age, men-
opausal status, tumor size, nodal status, deep fascia inva-
sion, vascular invasion, histological type and grade,
hormone receptor status, year at diagnosis, type of surgery,
and allocated adjuvant treatment. The assumptions of
proportional hazards were assessed by Schoenfeld residu-
als. The hazard rates of histological type and grade as well
as hormone receptor status were not proportional, and

therefore stratification was used. Interaction between CCI
score and year of diagnosis was investigated in the multi-
variate Cox model using the Wald test. All P values are
two-sided. Statistical analyses were performed with the
SAS v9.1 statistical software (SAS Institute, Inc.,
Cary, NC).

Results

The proportion of breast cancer patients with CCI score 1
or more increased significantly with calendar time
(P < 0.0001) from 14% during 1990-1993 to 26% during
20062008, and with age at diagnosis (P < 0.0001)
(Table 1). Among patients aged 60 or more years, almost a
third (29%) had one, or more comorbid conditions. In a
stratified analysis of calendar time and age, there was a
significant trend of increasing comorbidity with calendar
time in all age groups, e.g., in women aged 40-49, CCI 3+
increased from 0.4% during 1990-1993 to 2.0% during
2006-2008, and in women aged 70-79, CCI 3+ increased
from 3.2% during 1990-1993 to 8.7% during 2006-2008.

Comorbidity score was associated with the primary
treatment of breast cancer (Table 2). Surgery was limited
to a biopsy only in 15% of patients with CCI 34 compared
with 4% of patients with CCI 0, while indications for
radiotherapy did not vary across CCI. Information on
medical adjuvant treatment was lacking for a substantial
proportion of the cohort (28%) and for more than 50% of
patients with CCI 2 or more.

Tumor characteristics were not available for 3,057
patients who had biopsy only, leaving a total of 59,534

Table 1 Distribution of 62,591 Danish breast cancer patients according to Charlson comorbidity score, year of diagnosis, and age

Charlson comorbidity score Total, N
0 1 2 3+
N (%) N (%) N (%) N (%)
Total, N 49,828 6,834 3,740 2,189 62,591
Year of diagnosis
1990-1993 9,355 (86) 900 (8) 478 (4) 189 (2) 10,922
1994-1997 10,230 (85) 1,026 (8) 586 (5) 253 (2) 12,095
1998-2001 10,841 (80) 1,478 (11) 811 (6) 470 (3) 13,600
2002-2005 11,074 (75) 1,915 (13) 1,060 (7) 657 (5) 14,706
2006-2008 8,328 (74) 1,515 (13) 805 (7) 620 (6) 11,268
Age
-39 2,705 (95) 82 (3) 52 (2) 21 () 2,860
4049 9,283 (92) 488 (5) 208 (2) 85 (1) 10,064
50-59 13,622 (87) 1,196 (8) 600 (4) 313 (2) 15,731
60-69 12,498 (78) 1,904 (12) 1,073 (7) 572 (4) 16,047
70-79 7,885 (69) 1,839 (16) 1,062 (9) 661 (6) 11,447
80+ 3,835 (60) 1,325 (21) 745 (12) 537 (8) 6,442
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Table 2 Distribution of 62,591 Danish breast cancer patients according to Charlson comorbidity score and treatment

Charlson comorbidity score (%) Total, N
0 1 2 3+
N (%) N (%) N (%) N (%)
Total, N 49,828 6,834 3,740 2,189 62,591
Surgery
Mastectomy 31,605 (63) 4,345 (64) 2,392 (64) 1,372 (63) 39,714
Lumpectomy 16,306 (33) 1,998 (29) 1,020 (27) 496 (22) 19,820
Biopsy alone 1,917 (4) 491 (7) 328 (9) 321 (15) 3,057
Medical adjuvant treatment
None 12,572 (25) 1,431 (21) 618 (17) 283 (13) 14,904
E 13,013 (26) 1,963 (29) 889 (24) 498 (23) 16,363
CT 7,595 (15) 621 (9) 232 (6) 134 (6) 8,582
CT+ E 4,852 (10) 357 (5) 143 (4) 52 (2) 5,404
Unknown 11,796 (24) 2,462 (36) 1,858 (50) 1,222 (56) 17,338

CT Chemotherapy, E Endocrine therapy

with known tumor characteristics (Table 3). Patients with a
CCI 3+ had fewer lymph nodes removed, but more lymph
node metastases. Apart from this, no major differences
were observed in tumor size, estrogen receptor (ER) status,
histological type, and grade, or fascia invasion according to
comorbidity score.

With a median-estimated potential follow-up of
8.2 years, a total of 22,282 (36%) breast cancer patients
had died, 16,316 classified as deaths from breast cancer,
and 5,966 as deaths from other causes. Time to first event,
either recurrence of breast cancer, or death due to breast
cancer, or death due to other causes, was analyzed in a
competing risk setting among 45,253 patients receiving
treatment according to protocol (Fig. 1). The risk of
recurrence decreased with increasing CCI, the 10-year
estimates being 22.5% for CCI 0, 18.8% for CCI 1, 16.0%
for CCI 2, and 11.7% for CCI 3+, whereas the risk of
breast cancer death as a first event increased significantly
with increasing CCI score, with 10-year cumulative inci-
dences of 5.4% for CCI 0 increasing to 21.7% for CCI 3+.
Similarly, increasing cumulative incidence of death due to
other causes as a first event was seen with increasing CCI
score (10.0, 15.2, and 27.9% for CCI score 1, 2, and 3+,
respectively), whereas the cumulative incidence was low
for patients with CCI score 0 with a 10-year cumulative
incidence of 2.6% (Fig. 1).

In a multivariate analysis with adjustment for known
prognostic factors, comorbidity had an independent prog-
nostic effect on the risk of dying from breast cancer as well
as from other causes (Table 4). Compared with patients
without comorbidity (CCI 0), presence of comorbidity
increased the risk of dying with adjusted HRs for all-cause
mortality of 1.45 (C1 95% 1.40-1.51) for CCI 1, 1.52 (95%
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CI 1.45-1.60) for CCI 2, and 2.21 (95% CI 2.08-2.35) for
CCI 3+. Equivalent HRs for breast cancer-specific mor-
tality was 1.30 (95% CI, 1.24-1.36) for CCI 1, 1.31 (95%
CI 1.23-1.39) for CCI 2, and 1.79 for CCI 3+ (95% CI,
1.66-1.93) (all P values < 0.0001).

Overall survival decreased significantly with increasing
CCI score (Table 5). For patients with CCI 0, 5-year
overall survival increased from 72.5% (95% CI,
71.7-73.3%) in 1990-1994 to 81.6% (95% CI, 80.9-82.2)
in 2000-2004, whereas the overall survival remained stable
around 43% among patients with CCI 34, showing no
improvement in survival over time for patients with CCI
3+4. The interaction between year of diagnosis and CCI
score was tested in the multivariate Cox model confirming
(P = 0.01, data not shown).

Discussion

This population-based cohort study, using information
from the national registries, of women in Denmark diag-
nosed with breast cancer in the period 1990-2008, shows
that an increasing proportion of breast cancer patients
suffer from comorbidity at diagnosis and that such
comorbidity affects survival in terms of breast cancer-
specific mortality, non-breast cancer mortality, as well as
all-cause mortality. Even mild comorbidity (CCI 1)
increased the risk of dying from breast cancer by 30%.

In the early 1990s, comorbidity was not that frequent
(14%) but increased over time to being present in about a
quarter of all patients (26%) by the end of 2008. It is
possible that part of this increase can be explained by the
addition of outpatients and emergency patient visits in the
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Table 3 Tumor characteristics among 59,534 Danish breast cancer patients with surgery according to Charlson comorbidity score
Charlson comorbidity score (%) Total
0 1 2 3+
N, Total 47,911 6,343 3,412 1,868 59,534
Tumor size (mm)
<10 7,041 (15) 862 (13) 471 (14) 254 (14) 8,628
11-20 18,927 (39) 2,531 (40) 1,348 (40) 677 (36) 23,483
21-50 18,498 (39) 2,531 (40) 1,377 (40) 789 (42) 23,195
51+ 2,351 (5) 301 (5) 134 (4) 97 (5) 2,883
Unknown 1,094 (2) 118 (2) 82 (2) 51 (3) 1,345
Estrogen receptor status
Negative 9,983 (21) 1,146 (18) 636 (19) 387 (21) 12,152
Positive 34,566 (72) 4,842 (76) 2,543 (74) 1,382 (74) 43,333
Unknown 3,362 (7) 355 (6) 233 (7) 99 (5) 4,049
Removed lymph nodes
SN 5,675 (12) 963 (15) 482 (14) 244 (13) 7,364
0 1,829 (4) 542 (8) 318 (9) 259 (14) 2,948
1-3 1,172 (2) 232 (4) 118 (4) 71 (3) 1,593
4-9 8,386 (17) 915 (14) 474 (14) 258 (14) 10,033
10+ 30,634 (64) 3,653 (58) 1,993 (58) 1,026 (55) 37,306
Unknown 215 (1) 38 (1) 27 (1) 10 (1) 290
Tumor positive lymph nodes
0 23,824 (50) 3,024 (48) 1,659 (49) 780 (42) 29,287
1-3 13,516 (28) 1,684 (26) 857 (25) 455 (24) 16,512
4+ 8,516 (18) 1,059 (17) 551 (16) 364 (19) 10,490
Unknown 2,055 (4) 576 (9) 345 (10) 269 (14) 3,245
Histological type and grade
Ductal, gr. I 11,811 (25) 1,635 (26) 879 (26) 444 (24) 14,769
Ductal, gr. II 16,489 (35) 2,160 (34) 1,177 (34) 620 (33) 20,446
Ductal, gr.III 9,038 (19) 1,068 (17) 587 (17) 359 (19) 11,052
Ductal, gr.? 1,087 (2) 127 (2) 52 (2) 41 (2) 1,307
Lobular 5,438 (11) 768 (12) 388 (11) 225 (12) 6,819
Others 3,492 (7) 510 (8) 279 (8) 144 (8) 4,425
Unknown 556 (1) 75 (1) 50 (2) 35(2) 716
Fascial invasion
No 44,642 (93) 5,946 (94) 3,189 (93) 1,764 (94) 55,541
Yes 1,888 (4) 243 (4) 119 4) 56 (3) 2,306
Unknown 1,381 (3) 154 (2) 104 (3) 48 (3) 1,687

NPR. Although the prevalence of comorbidity increased
with age, and more than half of the patients being 60 years
or older, the trend with calendar time was seen in all age
groups. This finding is new as we are not aware of other
studies reporting similar findings.

Comorbidity affected the likelihood of proper breast
cancer surgery, patients with high comorbidity scores being
more likely to undergo biopsy only. One explanation may
be contraindications for general anesthesia. Among those
with proper surgery, the frequency of mastectomies was

higher in patients with CCI 34, probably due to age since
number of comorbidities increase with age. Other studies
have reported that comorbidity did not affect choice of
surgery when contraindications were not present [21, 22].
However, patients with high comorbidity had fewer lymph
nodes removed indicating less extensive surgery in the
axilla. Louwman et al. [23] reported that axillary dissection
in relation to breast conserving surgery decreased from 97
to 78% in patients having none or more than one comorbid
conditions, respectively, and the frequency decreased
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Fig. 1 Cumulative incidence of first event for either recurrence of breast cancer, death due to breast cancer, or death due to other causes in the
presence of competing risk including 45,253 women enrolled in protocolled treatment programs

Table 4 Hazard ratios with 95% confidence intervals for breast
cancer-specific death, death due to other causes and all-cause mor-
tality in a cohort of 62,591 women diagnosed with breast cancer in
Denmark, 1990-2008

Multivariate analysis with hazard ratio and 95% confidence intervals

Variable Adjusted 95% CI
HR
Breast cancer-specific CCI O Reference
mortality CCI 1 1.30 1.24-1.36
CCI 2 1.31 1.23-1.39
CCI3+ 1.79 1.66-1.93
Non-breast cancer mortality CCI O Reference
CCI 1 1.95 1.82-2.09
CCI 2 2.14 1.97-2.33
CCI 3+ 3.56 3.22-3.93
All-cause mortality CCI 0 Reference
CCI 1 1.45 1.40-1.51
CCI 2 1.52 1.45-1.60
CCI 34+ 221 2.08-2.35

All P values < 0.0001

further with patient age [23]. Similarly, other studies have
shown that older women with comorbidity were more
likely to receive non-standard primary therapy [21, 24].
Owing to missing information, the analysis of adjuvant
medical treatment and CCI becomes more complex
because of a connection between CCI 0 and patients treated
in DBCG protocols. This needs to be analyzed separately in
a future study. In a recent review, the majority of studies
reported decreased use of chemotherapy (CT) and inferior
survival for patients with comorbidity compared to those
without [25]. The likelihood of receiving CT was greater
among women who were younger, white, had lower
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comorbidity score, more advanced disease and were ER-
negative [26].

The observed increase in overall survival for patients
with a CCI less than 3 is likely to be due to a continuous
improvement of treatment. Population-based mammogra-
phy screening was introduced in Denmark in 2007 and
cannot explain the improved prognosis. For patients with a
CCI score of 3 or more, though, there was no change in
overall survival from 1990 to 2008 indicating that patients
with severe comorbidity did not benefit from the improved
treatment observed for other breast cancer patients. These
findings confirm the results of an earlier Danish study
based on a subset of the population [8].

Other studies have shown that breast cancer patients
who receive less than standard care are at excess risk for
disease recurrence and mortality [27, 28]. In our competing
risk analysis, the risk of a recurrence decreased with
increasing comorbidity probably because patients with a
high CCI were more likely to die either from breast cancer
or other causes before they developed a recurrence. Within
10 years, almost a third of breast cancer patients with CCI
3+ had died of causes other than breast cancer. When we
adjusted for the effects of other prognostic factors in a
multivariate analysis, comorbidity had an independent
prognostic effect on breast cancer mortality as well as non-
breast mortality. Several other registry-based retrospective
studies have shown that comorbidity is associated with
increased HRs for death of all causes when adjusting for
age and stage [6, 22, 23]. With respect to breast cancer-
specific mortality, our results confirm those obtained by
Schonberg et al. [5] in patients aged 67 [5] or older and
Dalton et al. [7] among patients aged less than 70 years of
an increased risk of breast cancer-specific mortality with
increasing comorbidity.
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Table 5 Five-year overall survival (%) with 95% confidence intervals among 47,695 breast cancer patients, diagnosed 1990-2004, in Denmark

according to comorbidity and year of diagnosis

Year of diagnosis Charlson comorbidity score

2 3+

0 1
1990-1994 72.5 (71.7-73.3)
1995-1999 77.3 (76.6-78.1)
2000-2004 81.6 (80.9-82.2)

55.8 (52.8-58.6)
61.5 (58.9-63.9)
68.0 (65.9-69.9)

53.0 (48.9-56.8)
56.9 (53.5-60.3)
62.6 (59.8-65.3)

42.0 (35.8-48.1)
44.7 (39.9-49.5)
43.5 (39.8-47.0)

This raises some intriguing questions in relation to
choice of breast cancer treatment in patients with severe
comorbidity. On the one hand, their risk of dying from
breast cancer is high if they do not receive guideline
treatment, but on the other hand, they may not live suffi-
ciently long because of their comorbidity to benefit from
the treatment.

This study has several strengths. It has a considerable
size, including more than 60,000 breast cancer patients. It
is based on the entire Danish population with complete
follow-up for vital status and causes of death. It covers a
recent time period, 1990-2008, making the results relevant
for the patients we treat today. We were able to include
detailed information on patient and disease characteristics,
and the information on comorbidity derived from national
registries with complete registration of hospitalizations and
causes of death. The CCI has been widely used and vali-
dated in a cohort of breast cancer patients, as well as
against other comorbidity measures. It is a simple, valid,
and highly suitable method for measuring comorbidity that
can be used in clinical research when mortality is the
outcome of interest, but may under-detect significant
problems resulting in non-lethal endpoints, making our
results comparable to those of other studies [29, 30].

However, this study has limitations too. The DBCG
does not hold information on medical adjuvant treatment
among patients who were not included into treatment
protocols according to national treatment guidelines pro-
vided by the DBCG [9]. This could for example be related
to the presence of comorbidity which can be a contrain-
dication for protocol treatment, as well as age, with patient
being 75 years or older not included in treatment guide-
lines until 2002. The breast cancer patients are followed for
10 years, limiting the analysis of first events such as
recurrence to the first 10 years after diagnosis. Using the
NPR could give rise to non-differential misclassification if
the discharge diagnoses had not been registered correctly.
The NPR does not include information on comorbidity that
did not require hospital admission, and conditions treated
solely by general practitioners are not included. However,
the disorders included in the CCI are generally of such a
serious nature, that most would at some point in the
10-year period before the breast cancer diagnosis lead to

hospitalization or outpatient contact. Using registry-based
information to categorize comorbidity according to the CCI
does not take into account the significance of specific
combinations of comorbid conditions, and it does not
incorporate functional status and the relative severity of
conditions leading to possible over- or underestimation of
comorbidity [29, 30]. A risk of differential misclassifi-
cation, when retrieving causes of death from the RCD
could occur. With a possible tendency to state breast cancer
as cause of death when a patient is having that diagnose in
the medical chart, especially when death is close to the
cancer diagnosis. Finally, we were not able to adjust for
lifestyle factors such as obesity, alcohol consumption, and
use of estrogen supplement which have been shown to
affect breast cancer prognosis [31, 32].

The results of this study demonstrate a need for further
research into the effects of breast cancer treatment in
women with comorbidity.

Conclusion

Comorbidity is an increasing problem with a quarter of all
women diagnosed with breast cancer suffering from one or
more comorbidities. Overall survival did not improve over
time for those having severe comorbidity as opposed to
patients with no comorbidity. When adjusting for other
known prognostic factors, comorbidity had an independent
prognostic effect on breast cancer-specific mortality as well
as non-breast cancer mortality.
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