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OBJECTIVES: To examine the relative effect of comor-
bidities, noncancer symptoms, and cancer-related factors
on the functioning of older adult long-term survivors of
breast, colorectal, and prostate cancers.

DESIGN: Data from in-person interviews with survivors of
a tumor registry–based stratified random sample were used
to test a multivariate model using ordinary least-squares
regression.

SETTING: Survivors were identified in the tumor registry
of a National Cancer Institute–designated Comprehensive
Cancer Center in Cleveland, Ohio.

PARTICIPANTS: Three hundred twenty-one older (�60),
long-term (�5 years) cancer survivors.

MEASUREMENTS: The primary outcome measure, func-
tional difficulty, was measured using Nagi’s Performance
Limitations Index. Predictors included a number of indica-
tors of survivors’ personal characteristics, age-related
health characteristics, and cancer-related characteristics.

RESULTS: The model explained 44% of the variance in
functional difficulties between the cancer survivors in this
sample. The strongest predictors were symptoms not at-
tributed to cancer (b5 0.28) and comorbidities (b5 0.22),
although cancer-related factors explained an additional 8%
of the variance over that explained by demographic and
noncancer health factors, with current cancer-related symp-
toms being a significant predictor (b5 0.14).

CONCLUSION: These findings indicate the importance of
monitoring cancer-related characteristics along with comor-
bidities and noncancer symptoms in long-term survivors be-
cause they jointly affect overall physical functioning. Special
attention needs to be given to women and minority cancer
survivors as well. J Am Geriatr Soc 57:S289–S292, 2009.
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This research compares the relative effect on the func-
tioning of older cancer survivors of comorbidities and

noncancer symptoms with that of cancer-related factors.
The importance of this type of research has been empha-
sized at the National Cancer Institute and the National In-
stitute on Aging: ‘‘understanding the contribution of cancer
to the older individual’s functional health status and how
one chronic health condition can influence another is crit-
ical if we are to reduce the human and social burden of
cancer,’’ and ‘‘new knowledge must be generated at the
cancer aging interface and applied for optimal results for
our aging and older cancer survivors.’’1

Cancer has been called a disease of elderly people,2

because most cancers occur in individuals aged 65 and
older.3 Furthermore, the incidence rate in people aged 60 to
79 is three times that in those aged 40 to 59.4 The incidence
of cancer in adults aged 65 and older is 19.9%, approxi-
mately equal to that of coronary heart disease (19.8%) and
greater than that of diabetes mellitus (15.8%).5

Survivorship and Age-Related Factors

With the 5-year survival rate for all cancers approaching
60%, it is estimated that there are now more than 11 mil-
lion survivors in the United States,6 with 60% of these being
aged 65 and older.1 Population-based studies document
that the prevalence and number of comorbidities increase
with age7 and find that comorbidities are present in nearly
70% of older people with cancer.8 Of cancer survivors,
nearly one-third report having two or more comorbid con-
ditions,9 which has been linked to greater functional lim-
itations.10

Cancer-Related Factors

Although noncancer factors such as comorbidities and their
associated symptoms are likely to play a central role in the
health and functioning of older cancer survivors, cancer-
related factors may add to or exacerbate vulnerability. This
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interaction between cancer-related morbidities and comor-
bidities is an essential element of geriatric oncology.11 First,
different types of cancer cause different types of symptoms
and functional problems.12,13 Also, specific types of
treatment such as radiation and chemotherapy have been
shown to affect the functioning of older adult long-term
survivors.13

Functioning in Older Survivors

The gerontological and oncology literatures suggest a num-
ber of possible health outcomes that are potentially useful in
evaluating the relative effect of cancer on older survivors.
Physical functioning is an important indicator of health
across the life course. Moreover, the functional and perfor-
mance difficulties that can result from cancer or its treat-
ment can ultimately result in survivors’ inability to
participate in valued social and recreational activities,14

which in turn can translate into an erosion of emotional and
social quality of life.15

Research Question and Analytical Model

The oncology literature cited above clearly suggests that
cancer survivors experience more health problems and
functional difficulties and rate their health as poorer than
those who have not had cancer, but what that research has
not done is compare the relative effect of cancer factors with
that of comorbidities and noncancer symptoms on the
functional difficulties experienced by survivors. Therefore,
the central research question guiding this research is: What
is the effect of age-related characteristics (current age, co-
morbidities and symptoms not related to cancer) and can-
cer-related characteristics (cancer stage, cancer type,
complexity of treatment, symptoms at treatment, current
cancer-related symptoms) on the functioning of older adult,
long-term cancer survivors? Because of the importance of
racial and sex health disparities, these factors are included
in the model as well.

METHODS

Data Source

Data from in-person interviews with 321 older adult (�60)
cancer survivors (5–34 years after diagnosis) were used for
the analysis presented in this article. These data were from
the first wave of interviews of a larger, ongoing longitudinal
research project funded by the National Cancer Institute.
The sample was randomly selected in 1999 from more than
6,000 individuals in the tumor registry of the Ireland Can-
cer Center at University Hospitals Case Medical Center of
Cleveland who met the study’s age, cancer type, and race
inclusion criteria.

Key Indicators

Comorbidities were assessed as the sum of the number of
health conditions (other than cancer) reported from a list of
27 possible conditions from the Older Americans Resources
and Services assessment.16 The actual range was 0 to 11.
The mean � standard deviation number of health condi-
tions reported was 3.7 � 2.4. Nearly half of the sample
reported four or more health conditions.

Symptom indices were constructed: one for current
symptoms not attributed to cancer and one for current
symptoms attributed to cancer as reported by the respon-
dent. A list of 22 possible symptoms was used, including
nausea, vomiting, weakness, pain, and swelling. On aver-
age, respondents reported having experienced 1.5 � 2.0
symptoms during treatment, 2.6 � 2.3 current symptoms
not attributed to cancer or its treatment, and 0.80 � 1.5
continuing symptoms attributed to cancer.

Nagi developed the measure of functional difficulty used
in this research.17 This index is a self-report of the perfor-
mance of 11 specific motions or movements. The possible
range of scores on this index was 0 to 44, with an actual
range of 0 to 25. The mean for total sample was 5.2 � 5.4,
indicating a relatively modest level of impairment.

RESULTS

With advancing age, the cancer survivors in this sample,
like most older adults, experienced an increase in health
problems (comorbidities) and noncancer symptoms (not
shown, table available on request). In terms of functioning,
these older survivors reported more difficulties than the
younger survivors. These patterns were consistent with
those generally found in individuals as they age, although in
terms of cancer-related vulnerability, these survivors did not
report more cancer-related symptoms than the younger
survivors; each successive age group reported slightly lower
levels of cancer-related symptoms. This is in all likelihood
related to the fact that the older respondents were also those
who had survived the longest and, as such, had had a longer
period of time for the cancer symptoms to abate.

With this as background, the analysis next turned to
regressing functional difficulty on the predictors (regression
summary provided in Figure 1). The model, which included
personal and demographic, along with age- and cancer-
related predictors, explained a substantial portion of the
variance in the functional difficulties reported by these older
adult survivors (coefficient of determination 5 0.44). Look-
ing first at the demographic predictors, the data docu-
mented the vulnerability conferred by sex and minority
racial status. Being African American was a statistically
significant predictor of poorer functioning (b5 0.13), as
was being female (b5 0.16). Prior research has documented
that a portion of the vulnerability related to minority status
is due to higher levels of comorbidities in African Ameri-
cans and women,13 although even with the effects of co-
morbidities controlled for in this model, race and sex
continued to significantly affect functioning in survivors.
Taken together, the personal characteristics of the survivors
explained 13% of the total variance in functioning.

The most powerful group of predictors of functional
difficulty in this model was the age-related factors that in-
cluded respondents’ current age (b5 0.14), number of co-
morbidities (b5 0.22), and number of symptoms not
attributed to cancer (b5 0.28). These factors taken to-
gether explained an additional 23% of the variance in
functional difficulty over the demographic predictors. The
data also revealed that, in these older-adult survivors, can-
cer-related factors explained substantial additional variance
(8%), and three cancer-linked predictors were statistically
significant predictors of the functional outcome. These

S290 DEIMLING ET AL. DECEMBER 2009–VOL. 57, NO. S2 JAGS



included cancer stage at diagnosis (b5 0.11), a surrogate
measure of initial cancer severity, and one treatment factor,
chemotherapy (b5 �0.14). The total number of current
cancer-related symptoms (b5 0.14) was a significant pre-
dictor of functional difficulty, even after the effects of non-
cancer health factors were statistically controlled for. These
current cancer-related symptoms were significant predictors
in spite of the fact that the levels of symptoms reported in
this sample were relatively low. Other factors examined in
additional analyses, but not shown here (available on re-
quest), were symptoms during treatment and duration of
time since diagnosis. Neither were significant predictors of
current functional difficulty.

DISCUSSION

The data presented here provide a relatively clear picture of
the sources of vulnerability of older-adult long-term cancer
survivors in terms of functional difficulty, an important de-
terminant of quality of life. Being African American and
being female each appears to confer its own vulnerability
that, in combination with or in addition to comorbidities,
places these older individuals at risk for functional decline.
Although cancer survivorship plays a somewhat smaller
role in this vulnerability, it adds significantly to the risk for
functional problems, and although the number of cancer-

related symptoms is small on average, a portion of these
survivors continue to experience considerable cancer-
related difficulties.13,14

Given space constraints, it was not possible to include a
complete path analysis of the many potential mediating re-
lationships between the predictors included in the model,
but a number of potentially important mediating effects
were examined in a series of additional regression analyses
(not shown, available on request). These involved the role
that time since diagnosis could possibly play on a number of
relationships. First, time since diagnosis was not found to be
a statistically significant mediator of any of the key rela-
tionships reported in this research, although in some in-
stances it contributed to a modest reduction in the effect size
of specific predictors on other model predictors or the out-
come. Finally, after controlling for time since diagnosis,
neither symptoms measures nor comorbidities were found
to have a statistically significant mediating effect on the
relationship between race and physical functioning.

There are a number of implications for healthcare
clinicians that can be derived from the findings described
above. The first is that women and minority patients need
special attention from clinicians in the role that comorbid-
ities play in producing functional deficits. Second, clinicians
need to be aware that age- and cancer-related functional
decline may combine to influence important health-related

C. Cancer-Related 
Characteristics

B. Age-Related 
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Attributed to CA

Stage at 
Diagnosis

Chemotherapy

Symptoms
Attributed to CA

Functional Difficulty

 R2

A = .13
B = .23
C = .08

Total = .44

.13**
.16*

.09*

.14**

.22***

.28***

.11*

–.14*

.14*

1Statistically significant standardized regression
coefficients (beta) are reported

*indicates p ≤ .05; **  p ≤ .01; *** p ≤ .001 

Figure 1. Functional difficulty regressed on personal and age- and cancer-related characteristics of older-adult long-term cancer
survivors (N 5 321). CA 5 cancer; R2 5 coefficient of determination.
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quality-of-life outcomes for most older long-term cancer
survivors. Finally, the passage of time does not dramatically
mitigate the relationship between cancer-related factors and
quality of life.
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