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Factors of Specific Comorbidities Severity on the Risk of
Mortality among Breast Cancer Survivors

Hwa Jeong Seo

Medical Informatics and health Technology (MIT), Department of Health Care Management, College of Social
Science, Gachon University, Seongnam, Korea

Background: For cancer patients, comorbidities affect the risk, progression, and process of treatment. They
negatively affect prognoses by increasing mortality. It is therefore necessary to predict prognoses accurately for
cancer survivors by measuring comorbidities and their severity.

Methods: In this study, the frequency of comorbidities was analyzed on the basis of the Charlson comorbidity
index (CCI) in breast cancer patients drawn from the National Health Insurance Service-National Sample
Cohort data. This study examined the relative effects of certain factors (age, diagnosis period, and CCI) be-
tween deaths and cancer survivors with logistic regression analysis. We applied Cox's proportional hazard re-
gression analysis to predict the risk of mortality according to CCI as a survival predictor of breast cancer pa-
tients using three models with correction for age, including the body mass index (BMI), smoking status, alcohol
intake, and childbirth history.

Results: The frequency analysis based on CCI found that the most frequent type of condition was pulmonary
disease (2,262; 21.5%), followed by peptic ulcer (2,019; 19.2%), and metastatic cancer (1,821; 17.3%). The
older one gets, the greater one’s risk of mortality with more severe comorbidities. Age and BMI led to greater
risk of mortality, with correction for the variables (age, BMI, smoking status, alcohol intake and childbirth history)
that could cause confounding.

Conclusions: Severity of comorbidities significantly increased the risk of mortality for breast cancer patients. In
particular, those cancer survivors who are aged =60 years, who have high BMI, and who once smoked need
to get continuous care due to poor prognoses.
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seven hundred one persons were diagnosed with cancer for
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In addition to cancer incidence, the cancer survival rate has
been on a constant increase. For the past 5 years (2006-2010),
the 5-year relative cancer survival rate was 64.1%; that is,
at least six out of 10 cancer patients survived at least 5 years
after their first diagnosis with cancer.”

In South Korea, the 5-year relative breast cancer survival
rate was 92.3% as of 2011-2015, and the rate has been on
a constant rise. The perfect cure for cancer is being realized
for more and more patients. For this reason, a tumor, which
had been categorized as a fatal component, is being con-
ceptualized as a chronic disease.” It is therefore essential to
make an intervention for cancer survivors who have com-
pleted treatment.

Although the cancer survival rate is over 60% and
long-term cancer survivors may die of diseases other than
cancer, no systematic healthcare service model has been built
for cancer survivors. For this reason, it is necessary to de-
termine the healthcare outcomes for cancer patients at the
early stage and accumulate relevant knowledge.

A number of countries, including South Korea, statistical
data are produced regarding cancer incidence and mortality
in certain populations.” While there has been research on
relations among such factors as socioeconomic position, in-
come class, mortality, and risk of mortality, there has been
little research on risks of mortality depending on cancer pa-
tients” comorbidity.*” After cancer diagnosis, cancer-related
health risk factors, hypertension due to sequelae from can-
cer, diabetes, heart disease, and other comorbid diseases ap-
pear to be higher than those of the general population.”
Nonetheless, relatively little care is given to other diseases
than cancer, and thus some patients died not out of cancer
but out of comorbidity.”

Comorbidities are known to affect risk, detection, pro-
gression, and treatment of cancer.” In particular, elderly
cancer patients (aged >70) have an average of >3 comorbid-
ities,” which can reportedly have negative effects on prog-
noses, for example, by increasing the mortality rate.'” The
variation in the fatality rate among cancer types also affects
the causes of mortality for cancer; reportedly, 24.0% of
those cancer patients who had survived for 5 years after the
diagnosis with cancer died of conditions other than cancer."
Diabetes, metabolic syndrome, and obesity reportedly affect
the prognoses for cancer patients.'” These symptoms are al-
so closely associated with the presence of comorbidities.

This study aimed to use data from a large cohort to meas-

ure the prognoses for cancer survivors more accurately on
the basis of principal comorbidities and their severity (a
weighted score was assigned to each comorbidities) during
their survival. It intended to improve the prognoses for can-
cer survivors by measuring comorbidities and their severity

accurately.

METHODS
1. Study design

The National Health Insurance Service-National Sample
Cohort (NHIS-NSC) is a population-based retrospective
cohort based on 9 years from 2002 to 2010 in a sample of
approximately 1 million people or 2.2% of the whole nation
in South Korea."”

After entering the cohort, the comorbidity measuring pe-
riod was defined as 1 year prior to breast cancer occurrence.
Since subjects with comorbidity before the breast cancer di-
agnosis were included, the effect of death risk factors as of
the reference year examined. The study model was designed

as shown in Figure 1.
2. Criteria and definitions

1) Breast cancer patients

The variables of main symptom in the treatment data were
used to identify those diagnosed with breast cancer. The data
with C50 for main symptom were drawn. Those diagnosed
with breast cancer are manipulatively defined as those with

>3 (50 codes for main symptom and sub symptom."

2) Specific comorbidity and Chatlson comorbidity index
(CQI)

Comorbidities are some of the components that determine

individuals' health status and need to be differentiated from

complications. In other words, comorbidities refer to those

exposed
— i

comorbidity Breast cancer Event;Death

Cohort entry

unexposed

Figure 1. Study design associated follow-up from cohort entry to
event occurrence.
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conditions not causally related to the main condition,
whereas complications refer to those conditions occurring in
causal relation to the main condition."” It was determined
that comorbidities other than the primary cancer occurred

among patients; that is, information about disease classi-

Table 1. Characteristics of the study population

Variable Value

Socio-demographic

Age at diagnosis, y

<40 656 (24.3)
40-49 1,062 (39.4)
50-59 579 (21.5)
60-69 296 (11.0)
>70 103 (3.8)
Health history
Childbirth history
Never 2,583 (95.8)
Ever 113 (4.2)
Smoking status
Never 1,587 (58.9)
Ever 69 (2.6)
Missing 1,040 (38.6)
Alcohol intake
Never 1,199 (44.5)
Ever 386 (14.3)
Missing 1,111 (41.2)
Survivorship

Survivor status

Deaths 286 (10.6)
Survivors 2,410 (89.4)
Survival duration
<1 year 503 (18.7)
1 to <3 years 712 (26.4)
3 to <5 years 600 (22.3)
>5 years 881 (32.7)
Indicator
Charlson comorbidity index
0 768 (28.5)
1-2 135 (5.0)
>3 1,793 (66.5)
Body mass index
<23 1,185 (44.0)
>23 498 (18.5)
Missing 1,013 (37.6)

fication codes in addition to that of C50 was identified.
Feinstein'® defined comorbidities as conditions that addi-
tionally coexisted or occurred separately in addition to the
main diagnosis or disease for patients. To actually measure
comorbidities, it is necessary to apply implicit or explicit
weight to each condition, giving consideration to the im-
portance of each condition in all of the comorbidities.
Charlson et al."” defined numerous clinical conditions
through reviewing hospital charts and assessed their relevance
in the prediction of 1-year mortality. A weighted score was
assigned to each of 17 comorbidities, based on the relative
risk of 1-year mortality." These studies consistently demon-
strate that the Charlson index is a valid prognostic indicator.

3) Operation definition of variables used

In this study, the socio-demographic variables, survivor-
ship-related variables and indicator-specific variables were
analyzed. As for the socio-demographic variables, age at di-
agnosis were categorized into 10-year-olds (<40, 40-49,
50-59, 60-69, and >70). Childbirth history used (never, ever).
Smoking status used the ‘smoking status' variable and alco-
hol intake used the ‘drinking habit' variable in the health
check-up database of NHIS-NSC (never, ever).

Table 2. Charlson comorbidity index scoring and prevalence
of comorbid conditions

Comorbidity clinical condition Weights Value
Acute myocardial infarction 1 138 (1.31)
Congestive heart failure 1 68 (0.65)
Peripheral vascular disease 1 122 (1.16)
Cerebral vascular accident 1 379 (3.60)
Dementia 1 38(0.36)
Pulmonary disease 1 2,262 (21.51)
Connective tissue disorder 1 452 (4.30)
Peptic ulcer 1 2,019 (19.20)
Liver disease 1 195 (1.85)
Diabetes 1 824 (7.84)
Diabetes complications 2 824 (7.84)
Paraplegia 2 32(0.30)
Renal disease 2 65 (0.62)
Any cancer 2 632 (6.01)
Metastatic cancer 3 1,821 (17.32)
Severe liver disease 3 644 (6.12)
Human immunodeficiency virus 6 1 (0.01)

Values are presented as number (%).

Values are presented as number (%).
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Table 3. Risk of mortality according to age, survival duration and CCI score of survivors

Survivorship
_ OR (95% CI)* P
Deaths Survivors

Age at diagnosis, y

<40 49 (17.1) 607 (25.2) 1 (reference)

40-49 76 (26.6) 986 (40.9) 0.95 (0.65-1.39) 0.791

50-59 64 (22.4) 515 (21.4) 1.50 (1.01-2.24) 0.046

60-69 58 (20.3) 238 (9.9) 2.81 (1.85-4.29) <0.001

>70 39 (13.6) 64 (2.7) 7.78 (4.62-13.10) <0.001
Time after cancer diagnosis

<1 47 (16.4) 456 (18.9) 1 (reference)

1to <3 111 (38.8) 601 (24.9) 1.45 (0.99-2.12) 0.057

3t0<5 73 (25.5) 527 (21.9) 1.11 (0.74-1.66) 0.617

>5 55(19.2) 826 (34.3) 0.46 (0.30-0.71) <0.001
Charlson comorbidity index

0 90 (31.5) 678 (28.1) 1 (reference)

1-2 10 (3.5) 125 (5.2) 229 (1.09-4.79) 0.028

>3 192 (67.1) 1,601 (66.4) 5.10 (3.31-7.86) <0.001

Values are presented as number (%) unless otherwise indicated.

Abbreviations: CCI, Charlson comorbidity index; CI, confidence interval; OR, odds ratio.

“Logistic regression.

As for the survivorship-related variables, survivor status
divided to survivors and deaths based on the variable of ‘date
of death’ in the table of births and deaths during the fol-
low-up period of cohort observation (9 years). Diagnosis pe-
riods (survival duration) were classified less than 1 year,
1 to 3 years, 3 to 5 years, and 5 or more years from the initial
diagnosis during the follow-up period of cohort observation.

The indicator-specific variables were body mass index
(BMI; <23 kg/m’ and >23 kg/m’), and CCI (0, 1-2, and >3).
The BMI was calculated based on the BMI data (body
weight [kg]/(heightxheight [m]); rounding to the two deci-
mal places) from the health examination database.

3. Statistical analysis

Descriptive statistics were used to report age, survivorship
as like survival status and duration, indicator as like CCI,
and checkup data as like BMI, smoking status and child
birth. We have identified the incidence of specific comorbid-
ities in cancer survivors. Logistic regression analysis was
performed to measure the relative effects of age, diagnosis
period, and CCI between deaths and cancer survivors. We

applied Cox's proportional hazard regression analysis to

predict the risk of mortality according to CCI as a survival
predictor of breast cancer patients. We used three models
to account the factors that could cause confounding in the
baseline. Model 1 was adjusted for age (<40, 40-49, 50-59,
60-69, and >70). Model 2 was further adjusted for BMI
(continuous). Model 3 was further adjusted for smoking sta-
tus (never or ever), alcohol intake (never or ever) and child
birth (never or ever). All analyses were conducted using R
statistical software (R Foundation, Vienna, Austria).

RESULTS
1. Participant characteristics

Descriptive data on breast cancer patients are summarized
in Table 1. The majority of participants were in the age
group 40-49 years (39.4%), 113 (4.2%) had childbirth his-
tory, 69 (2.6%) had smoking status, 386 (14.3%) had alcohol
intake. Eleven percent was identified as deaths (286 persons)
and 89% were cancer survivors (2,410 persons): of these,
503 (18.7%) survived for <1 year, 712 (26.4%) for 1 to <3
years, 600 (22.3%) for 3 to <5 years, and 881 (32.7%) for

>5 years. CCI was estimated to have an average of 5.71
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Table 4. Hazard ratio estimates of death from Cox’s proportional hazards model for CCI

Model 1 Model 2 Model 3
Parameter Case
HR (95% CI) P HR (95% CI) P HR (95% CI) Y
CCI
0 768 (28.49) 1 (reference) 1 (reference) 1 (reference)
>1 1,928 (71.51)  2.73 (1.81-4.13) >0.001 427 (1.72-10.60)  0.002 4.02(1.61-10.01)  0.003

Model 1: adjusted for age (<40, 40-49, 50-59, 60-69, and >70); model 2: further adjusted for body mass index (continuous); model 3: further
adjusted for smoking status (never or ever), alcohol intake (never or ever), and childbirth (never or ever).
Abbreviations: CCI, Charlson comorbidity index; CI, confidence interval; HR, hazard ratio.

(ranging from O to 29). BMI was estimated at 23.65 on aver-
age; 1,683 patients (62.4%) had the results identified and
1,013 (37.6%) had missing data (Table 1).

2. Prevalence of comorbid

The frequency analysis based on CCI found that the most
frequent type of condition was pulmonary disease (2,262;
21.5%), followed by peptic ulcer (2,019; 19.2%), metastatic
cancer (1,821; 17.3%), and diabetes (824, 7.8%) (Table 2).

3. Factors influencing on survivorship

1) Odds ratio death based on CCI

Logistic regression analysis was performed to measure the
relative impact of the variables that predicted morbidity for
breast cancer patients. The impact of age, survival duration,
and the scores for CCI on mortality for breast cancer pa-
tients was analyzed.

Compared with those aged <40 (reference), the odds ratio
was 1.50 times higher for those aged 50-59 (P<0.05), 2.81
times higher for those aged 60-69 (P<0.001) and 7.78 times
higher for those aged >70 (P<0.001). As for survival dura-
tion, the patients surviving >5 years had a 0.46 time higher
odds ratio (P<0.001) compared with those surviving <1 year.
Compared with a CCI of 0 (reference), a CCI of 1-2 had
a 2.29 times stronger impact on mortality (P<0.05) and that
of >3 had a 5.10 times stronger impact on mortality
(P<0.001) (Table 3).

2) Factors associated with death in breast survivors

The age-adjusted hazard ratio (HR) (model 1) for diabetes
associated with the development of cancer was 2.73 (95%
confidence interval [CI], 1.81-4.13). The age and BMI-ad-
justed HR (model 2) was 4.27 (95% CI, 1.72-10.60). The

fully adjusted HR (model 3) was 4.02 (95% CI, 1.61-10.01)
(Table 4).

DISCUSSION

In this study, the risk of mortality for cancer survivors
was analyzed on the basis of CCI among breast cancer pa-
tients as drawn from NHIS-NSC data. In the research using
the data regarding health insurance claims, correction for
patients' health status and severity of the condition is
important.”” The analysis obtained the following results:
first, the frequency analysis based on CCI found that the
most frequent type of condition was pulmonary disease
(2,262; 21.5%), followed by peptic ulcer (2,019 19.2%),
metastatic cancer (1,821; 17.3%), and diabetes (824; 7.8%).
Yancik et al.”® reported that principal comorbidities of
breast cancer included hypertension and arthritis. They also
reported that renal disease increased the risk of mortality.
Thomsen found that the highest hazard ratio was identified
for pulmonary circulation (1.51), followed by heart failure
(1.29)." In the Shanghai breast cancer survivor cohort, the
main comorbidities were reported as follows: hypertension
(22.4%), chronic gastritis (14.3%), diabetes mellitus (6.2%),
chronic bronchitis/asthma (5.8%), coronary heart disease
(5.0%), and stroke (2.2). Diabetes and rheumatoid arthritis
were associated with increased risk of total mortality.” In
the study of Woo et al.” where the CCI index was applied
as a long-term survival prediction factor after the breast can-
cer operation, it turned out that comorbidity factors com-
mon among breast cancer patients included peptic ulcer
(19.7%), chronic pulmonary disease (4.3%), diabetes with-
out complication (4.3%), any cancer (1.71%), and mild liver
disease (1.27%) in order. In one study that analyzed co-
morbidity among 89,953 breast cancer patients, at least 30%
of the patients had metabolic diseases such as hyper-
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cholesterolemia, hypertension, and diabetes.””

Second, the older one gets, the greater one’s risk of mor-
tality with more severe comorbidities. Older age and pres-
ence of certain specific comorbidities are associated with a
higher risk of dying”® The Annual Report to the Nation
on the Status of Cancer (1975-2010) indicated that the most
frequent type of comorbidity was diabetes, followed by
chronic disease and heart disease for patients aged >65.”
Among women aged 35, compared to the menopausal age
group (50 years or older), breast cancer showed a higher lev-
el of biological malignancy and worse convalescence than
others.”® However, it needs to be noted that cancer survi-
vors were aged 60 on average, in an age group involving var-
ious complications. In one study that analyzed comorbidity
among 89,953 breast cancer patients, at least 30% of the pa-
tients had metabolic diseases such as hypercholesterolema,
hypertension, and diabetes.””

Third, age and BMI led to greater risk of mortality, with
correction for the variables that could cause confounding.
Reportedly, the higher the BMI the higher the risk of
mortality.”” There is a finding that postmenopausal women
who had gained about >30 kg in adulthood were at more
than twice higher risk of breast cancer than ordinary
women.” The measurement of comorbidities has been im-
proved to predict the mortality rate, length of stay in hospi-
tal, costs, treatment planning, and so on. The evaluation of
comorbidities is important because variation of patients'
characteristics can also have negative effects on the prognoses.
Obesity is not only a risk factor for breast cancer, but it
is also reported to be more difficult to treat. In the study
of Kang et al.™” where the correlation between obesity and
breast cancer incidence among 28,631 objects between 2009
and 2013 was analyzed, the group of breast cancer patients
whose BMI was less than 23 showed statistically significant
difference from the and non-breast cancer controls. The
odds ratio of breast cancer incidence was 1.87 times higher
than those of less than 23. In addition, obese breast cancer
patients have poor prognoses for treatment such as meta-
stasis, recurrence, and death, and a high mortality rate.
According to Caan et al.’® among women with breast can-
cer in stage 2 to 3, the group with the highest level of body
fat showed 35% higher mortality than the group with the
lowest level of body fat. The group of breast cancer patients
with a high level of body fat and with the smallest amount
of muscle showed 89% higher mortality than the other

group.

In this large prospective cohort of breast cancer survivors,
one could confirm that CCI increased the risk of mortality.
In particular, those cancer survivors who were aged >60
years, who had high BMI, needed to get continuous care
due to poor prognoses.

Despite implications stated above, this study involves the
following limitations: first, this study refers to claim data of
the National Health Insurance Service, and it was unable to
utilize clinical information of breast cancer survival pre-
diction factors such as stage, hormone receptor. Second, this
study does not utilize socioeconomic variables such as in-
come and occupation as confounding variables in this study.
This requires caution in generalizing the findings of the
study. Third, the childbirth history could not be clearly
identified because more than 75% of the subjects analyzed
based on the sample cohort data followed for 9 years were
40s or older. Despite such limitations, however, this study
is of significance in that it examines breast cancer survivors’
comorbidity as a risk factor of mortality in relation to the

severity of each disease.
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