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Background: Previous research among specific cancer populations has shown high but variable symptom burden; however, very little is known about its extent and pattern among the entire population of
US cancer survivors, which is more clinically relevant to primary care physicians.
Methods: To determine the prevalence of ongoing symptom burden among cancer survivors and compare it with the general population without cancer, we analyzed data from the 2002 National Health
Interview Survey, which included 1,904 cancer survivors and 29,092 controls. Main outcome measures
included self-reported ongoing pain, psychological distress, and insomnia. Multivariate logistic regression models were used to adjust for confounders and test for interactions.
Results: The rates of ongoing pain, psychological distress, and insomnia among cancer survivors
were 34%, 26%, and 30%, respectively, and were significantly higher (all P < .001) than controls without a history of cancer (18%, 16%, and 17%). Compared with controls in the same age groups, younger
survivors (younger than 50) were much more likely to report ongoing symptoms than older survivors
(older than 64); adjusted odds ratios were 2.96 and 1.36 for pain in the respective age groups (P <
.001). Comorbidities also interact with cancer status and contribute to a marked increase in reports of
ongoing symptom burden among cancer survivors, with a greater number of comorbidities leading to
greater degree of symptom burden in a dose-dependent manner (P < .001).
Conclusions: The symptom burden among cancer survivors on a population level is substantial and
can be impacted by other comorbidities. Thus, engaging primary care physicians in the design, testing,
and implementation of effective interventions is important to reduce the symptom burden among cancer
survivors. (J Am Board Fam Med 2007;20:434 – 443.)

Each year, more than 1 million people are diagnosed with cancer in the United States. This number is expected to double by the year 2050 as a
result of the increase in age and size of the US
population.1,2 Cancer is often considered “the most
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dreaded disease” not only because of the perceived
mortality but also because of the severe suffering
associated with the disease and its conventional treatments, of which the most commonly reported are
pain,3–5 psychological distress,6,7 and insomnia.8,9
Previous research has shown that 14% to 100%
of oncology outpatients experience pain.3 The frequency of psychological distress, such as depression
and anxiety, ranges from 0% to 44% in cancer
patients.6,10,11 The prevalence rate for insomnia
among patients with different types of cancer and
measured at different courses of the disease range
from 30% to 59%.8,12,13 These symptoms occur
individually or in combination, negatively impact
the patient’s quality of life, and result in increased
morbidity and health care costs.4,14 –16
Despite the importance of symptom research in
cancer, the existing literature is limited. Most pre-
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Symptom Burden Among Cancer Survivors: Impact
of Age and Comorbidity

Methods
Study Sample
The study population was derived from all of the
adults who participated in the 2002 National
Health Interview Survey (NHIS), an annual multistage survey conducted in a nationally representative sample of the civilian, noninstitutionalized
population of the United States. The Centers for
Disease Control and Prevention’s National Center
for Health Statistics conducted the NHIS Survey
through conﬁdential in-person interviews.17 The
survey was conducted both in English and Spanish.
The data for this study was extracted from the
Sample Adult Core component of the 2002 NHIS.
Details on the survey design and content can be
found online at the National Center for Health
Statistics website.18 This study was approved by the
Institutional Review Board at the University of
Pennsylvania.
Cancer Survivorship Status
The status of “cancer survivor,” deﬁned as anyone
who has been diagnosed with cancer from the time
of diagnosis through the balance of their life,1 was
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determined by response to the question, Have you
ever been told by a doctor or other health professional that you had cancer or a malignancy of any
kind? All participating adults were asked this question.17 People who responded “yes” were then
asked about the type(s) of cancer and their age at
each cancer diagnosis, if there was more than one.
Eight nonoverlapping cancer types were created.
More than 100 patients were in each of the cancer
groups labeled breast, prostate, colorectal, cervix,
uterine, and melanoma. A multiple cancer group
was created for people who had been diagnosed
with more than one cancer. The remaining cancer
types were grouped as “other.” The variable of time
since cancer diagnosis was calculated by subtracting
the age at diagnosis from the age at the time of the
survey. We created 4 categories of “time since
diagnosis” (within the past year, 2 to 5 years, 6 to 10
years, and ⱖ11 years).2 When the subtraction
yielded inconsistent results (eg, negative numbers),
we used the methods described by Yabroff et al2 to
recode this variable.
Symptom Burden Measures
The 2002 NHIS survey contained the following
items with dichotomous yes/no response options:
During the past 12 months have you “. . . had
recurring pain”; “. . . been frequently depressed or
anxious”; or “. . . regularly had insomnia or trouble
sleeping?” Responses of “yes” were deﬁned as
cases. These items, using modiﬁers, were designed
to assess self-reported, clinically bothersome, ongoing symptom distress beyond the general symptoms that affect everyone at one time or another.19
Sociodemographic Characteristics
The 4 racial/ethnic groups we used were the same
as those deﬁned in the NHIS: Hispanic; non-Hispanic white; non-Hispanic black, and non-Hispanic
other. The annual household income was categorized by NHIS as ⬍$20,000 and ⱖ$20,000. We
created 3 age categories for analysis purposes: 18 to
49, 50 to 64, and ⱖ65. We classiﬁed education as
high school graduate or less, some college or technical school, and college or more advanced degree.
Marital status was categorized in 2 ways: currently
married or living with a partner and not currently
partnered or married. Comorbidity was measured
by a series of questions related to functional limitations. Those who identiﬁed any limitations were
given additional questions about the health condi-
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vious studies used small and highly selected clinical
populations such as patients in specialty clinics in
comprehensive cancer centers. On a population
level, very little is known about the extent of symptom burden among people with a previous cancer
diagnosis, especially when compared with people
without cancer or with other chronic diseases. Furthermore, because early detection and treatment
advances have transformed cancer into a chronic
disease for many patients, people with a cancer
diagnosis are increasingly likely to interact with
primary care physicians in settings outside of specialty clinics in large academic centers. A population-based study is needed to understand the symptom burden among cancer survivors on a
community level. Thus, the speciﬁc objectives of
this study are (1) to estimate the prevalence of
ongoing symptoms such as recurring pain, frequent
depression and anxiety, and regular insomnia
among cancer survivors in a large nationally representative sample; (2) to quantify the magnitude of
symptom burden among cancer survivors by a comparison with the general population without cancer; and (3) to understand the impact of comorbidity on symptom burden among cancer survivors.

Statistical Analyses
Bivariate analysis was performed to compare demographic and socioeconomic variables among cancer
survivors and control populations. Prevalence estimates of pain, psychological distress, and insomnia
were then determined. To compare symptom burden between cancer survivors and general population controls, we developed multivariate logistic
regression models using dichotomous variables for
symptom burden and cancer survivorship status as
the primary association of interest, and adjusting
for age, sex, race/ethnicity, education, and income.
As part of the model development, we tested interaction among cancer survivorship status and each
covariate separately, but we found that such effect
modiﬁcation existed only between age and cancer
survivorship. We estimated the predicted probability of the experience of a given symptom stratiﬁed
by cancer survivor status, age, and sex while adjusting for other covariates.
To understand the impact of comorbidity on
symptom burden among cancer survivors, we developed logistic regression models with symptom
burden as dichotomous dependent variables and
cancer and comorbidity as interaction items. We
controlled for age, sex, race/ethnicity, education,
and income.
Furthermore, we explored how symptom burden may differ among cancer survivors by cancer
types and time since diagnosis using logistic regression models. Symptoms were used as the dependent
variables and the cancer types and time since diagnosis were used as the independent variables while
adjusting for age, education, race/ethnicity, and income. Breast cancer was chosen as the reference
group for cancer type because much of cancer
symptom research has been conducted in the breast
cancer population; thus our ﬁndings could be interpreted in the context of existing literature. Because certain cancers are sex speciﬁc, our model did
not include sex as a covariate.
All statistical analyses were performed using survey analysis package from STATA (version 8.0;
StataCorp, College Station, TX). We used “svy”
commands to generate population estimates and
make comparisons among different groups while
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taking into account the multistage sampling, clustering, and stratiﬁcation design of the NHIS.20 All
statistical tests were 2-sided.

Results
Study Population Characteristics
In 2002, 31,044 noninstitutionalized people aged
18 years or older participated in the survey, with an
overall response rate of 74.3%.21 Of these participants, 48 (0.16%) did not answer the cancer diagnosis question and were excluded from the analysis.
Our ﬁnal sample consisted of 1,904 cancer survivors and 29,092 general population controls. For
the time since diagnosis analyses, we excluded 111
(5.8%) patients who had incomplete data for these
calculations. Table 1 reports the demographic and
socioeconomic characteristics of cancer survivors
and controls. In this sample of cancer survivors, 181
(9.5%) people had more than one cancer, 326
(17.1%) had breast cancer, 195 (10.2%) had prostate cancer, 144 (7.6%) had colorectal cancer, 177
(9.3%) had cervical cancer, 107 (5.6%) had uterine
cancer, and 107 (5.6%) had melanoma. Stratiﬁed
by time since cancer diagnosis, 330 (18.4%) patients were diagnosed with cancer in the past year,
534 (29.4%) between 2 and 5 years, 335 (18.7%)
between 6 and 10 years, and 594 (33.1%) more than
10 years earlier.
Symptom Burden: Cancer Compared With the
General Population
Overall, 34% of cancer survivors reported recurrent pain, 26% reported frequent depressed or anxious mood, and 30% reported regular insomnia.
These rates were substantially higher than the general population without a previous cancer diagnosis
(17%, 15%, 17% for pain, psychological distress,
and insomnia, respectively). Our analysis demonstrated an association between cancer diagnosis and
increased symptom burden that differed by age. A
greater difference was seen among patients younger
than 50 than among those older than 64 (see Table
2). Estimates of conditional probabilities further
clariﬁed this relationship (see Figure 1). For example, among women younger than age 50, 40% of
cancer survivors versus 17% of the general population controls reported ongoing psychological distress, which yielded a 23% risk difference. On the
other hand, for women older than age 64, 25% of
cancer survivors versus 18% of the general popu-
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tions causing that limitation. Comorbid conditions
were then categorized by the absolute number of
conditions identiﬁed as causing limitations (ie,
none, 1, 2, 3 or more).2

Characteristics
Age (years)
⬍50
50 to 64
ⱖ65
Sex
Male
Female
Education attainment
High school graduate or less
Some college or technical school
College or more advanced degree
Race/ethnicity
Hispanic
Non-Hispanic white
Non-Hispanic black
Other (non-Hispanic)
Marital status
Currently married/living with partner
Not currently married/partnered
Annual household income
⬍$20,000
ⱖ$20,000
Comorbid conditions
None
One
Two
Three or more
Time since cancer diagnosis (years)
1
2 to 5
6 to 10
ⱖ11

Cancer Survivors
(n ⫽ 1,904)

General Population Controls
(n ⫽ 29,092)

22.9
26.9
50.2

65.3
20.8
13.9

⬍.001

41.2
58.8

48.4
51.6

⬍.001

52.4
27.4
20.2

46.1
29.2
24.7

⬍.001

3.8
89.0
5.4
1.8

11.5
72.2
11.7
4.6

⬍.001

64.2
35.8

63.8
36.3

0.74

24.6
75.4

19.1
80.9

⬍.001

39.2
39.1
12.2
9.5

76.4
18.1
3.9
1.6

⬍.001

P*

18.4
29.8
18.7
33.1

Data source: National Health Interview Survey 2002; weighted percentages were extrapolated from the US census (2000) for the adult
civilian. All data presented as percentages.
* Categorical variables were compared with univariate logistic regression; P values are two-sided.

lation controls without cancer reported similar
complaints, yielding a 7% risk difference.
Women were more likely to report ongoing
symptoms independent of cancer survivorship status. The gender differences were greatest for psychological distress and insomnia and smallest for
pain with 95% conﬁdence intervals not overlapping
(see Table 2). Higher levels of education and
higher income were associated with lower levels of
ongoing symptoms (see Table 2). For pain and
insomnia, the effect becomes signiﬁcant only when
people acquired a college or higher education;
however, with regards to psychological distress,
each increase in level of education was linked to a
signiﬁcant decrease in symptom prevalence. Nonwhite races were signiﬁcantly less likely to report
ongoing symptoms except for psychological dis-
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tress, which Non-Hispanic blacks reported at a
similar rate as whites.
Impact of Comorbidity on Symptom Burden
Our analyses demonstrated an interaction between
cancer status and comorbidity that results in increased
symptom burden. Both cancer status and the presence
of comorbidity are independently associated with
greater symptom burden. Although the speciﬁc impact of cancer on the overall symptom burden is
smaller among survivors with comorbidities than
those without, the overall symptom burden increases
with the number of comorbidities (see Table 3; both
the interaction terms and models were highly significant at P ⬍ .001). Furthermore, cancer survivors
reported higher symptom burden compared with
noncancer controls at each level of comorbidities.
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Table 1. Sociodemographic Characteristics of Respondents With and Without a History of Cancer

Pain

Psychological Distress

Insomnia

Characteristics

OR

95% CI

P

OR

95% CI

P

OR

95% CI

P

CS versus control (unadjusted)
Age (years)
⬍50
50 to 64
⬎64
Sex (female vs male)
Education
High school or less*
Some college
College or more advanced
Race/ethnicity
Non-Hispanic white*
Non-Hispanic black
Hispanic
Other (non-Hispanic)
Annual household income
(⬍$20,000 vs. ⱖ$20,000)

2.44

2.16–2.74

⬍.001

1.98

1.76–2.22

⬍.001

2.09

1.83–2.38

⬍.001

2.96
2.23
1.36
1.24

2.28–3.85
1.76–2.83
1.14–1.63
1.15–1.32

⬍.001
⬍.001
.001
⬍.001

2.94
1.84
1.48
1.51

2.35–3.67
1.45–2.34
1.23–1.79
1.39–1.64

⬍.001
⬍.001
⬍.001
⬍.001

2.70
1.80
1.44
1.47

2.09–3.48
1.40–2.31
1.18–1.75
1.37–1.59

⬍.001
⬍.001
⬍.001
⬍.001

1
0.98
0.73

0.90–1.06
0.66–0.81

.56
⬍.001

1
0.86
0.57

0.79–0.94
0.51–0.64

.001
⬍.001

1
1.01
0.70

0.92–1.10
0.63–0.76

.877
⬍.001

1
0.84
0.55
0.62

0.75–0.94
0.48–0.63
0.49–0.78

.003
⬍.001
⬍.001

1
0.90
0.85
0.67

0.80–1.02
0.75–0.96
0.52–0.86

.102
.007
.002

1
0.78
0.77
0.57

0.70–0.88
0.69–0.87
0.45–0.72

⬍.001
⬍.001
⬍.001

1.37

1.25–1.51

⬍.001

1.85

1.69–2.04

⬍.001

1.52

1.39–1.67

⬍.001

*Models included cancer survivor status and age as interaction terms and controlled for sex, education, race/ethnicity, and income.
CS, cancer survivors; OR, odds ratio; CI, conﬁdence interval.

Symptom Burden: Differences among Subgroups of
Cancer Survivors
Controlling for time since diagnosis and sociodemographic variables, with breast cancer as the reference group, patients with a history of multiple
cancers were signiﬁcantly more likely to report
recurring pain and psychological distress. People
with a history of cervical or uterine cancer were
more likely to report psychological distress and
insomnia than were patients with a history of breast
cancer (Table 4). After adjusting for cancer types
and sociodemographic variables, cancer survivors
more than 2 years from their cancer diagnosis
were signiﬁcantly less likely to report regular
insomnia that those who were recently diagnosed; however, the report of recurring pain and
frequent psychological distress did not decrease
signiﬁcantly (Table 4).

Discussion
Using a population-based national sample, we
found that a greater proportion of cancer survivors
experienced ongoing symptom burden than did
people in the general population without cancer.
The association between symptom burden and cancer status was found to be greater among younger
than older patients. In addition, comorbidities in-
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teract with cancer to result in greater symptom
burden among cancer survivors. With the number
of cancer survivors in the United States exceeding
10 million,22 primary care physicians should be
aware of the substantial symptom burden among
these patients so that effective assessment and treatment can take place in the clinical setting.
Our estimated prevalence rates for ongoing
symptom distresses among cancer survivors, including pain (34%), psychological distress (26%),
and insomnia (30%), fell into the lower range of
previous research ﬁndings (14% to 100%, 0% to
44%, and 30% to 59% for pain, psychological
distress, and insomnia, respectively). The variation among the studies may be a result of the
sampling frame.19 Many earlier studies sampled
subjects from specialty oncology or symptom
clinics whereas our study was drawn from a population-based sample. Therefore we provided a
more accurate point estimate of prevalence rate
of the symptom burden among the general population of cancer survivors. The different operational deﬁnitions and psychometric measures can
also introduce discrepancies in evaluating these
subjective complaints.10,19 The age and sex of the
population varies with each study and may further account for substantial differences in symp-
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Table 2. Symptom Burden Among Cancer Survivors Differs by Age
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0.4
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0.31
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0.29
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0.24

%

0.25

0.21

0.20

0.2

0.19

0.18
0.15

0.14

0.15
0.11

0.12

Pain
Psych Distress
Insomnia
0.15

0.11

0.11

0.1

0.05

0
Cancer Survivors

Non-Cancer
Controls

Cancer Survivors

<50

Non-Cancer
Controls

Cancer Survivors

Non-Cancer
Controls
≥65

50-64

Female
0.5
0.45
0.45
0.40
0.4

0.39

0.38

0.37
0.35

0.33

0.32
0.29

0.3
%

0.25

0.25

0.25

0.25

0.25
0.22

0.21
0.2

Pain
Psych Distress
Insomnia

0.18

0.17 0.17
0.15
0.15

0.1
0.05

0
Cancer Survivors

Non-Cancer
Controls

<50

Cancer Survivors
50-64

Non-Cancer
Controls

Cancer Survivors

Non-Cancer
Controls

≥65

Figure 1. Probability of ongoing symptoms stratified by cancer survivorship, age, and sex. The final model
included cancer survivorship, age, sex, education, race/ethnicity, and income (see Table 2). Average prediction
was based on this model stratified by cancer survivor status, age, and sex.
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Male

Pain
Comorbidities* (n)

Control

Psychological Distress
CS

0

1 (1.00–1.00)

1

7.44 (6.67–8.29)

10.02 (8.08–12.43)

2

15.44 (13.33–17.87)

17.39 (12.95–23.35)

3⫹

27.34 (22.49–33.23)

35.56 (25.34–49.91)

Control

2.23 (1.73–2.86)

Insomnia

CS

Control

CS

1 (1.00–1.00)

2.37 (1.86–3.00)

1 (1.00–1.00)

2.38 (1.86–3.03)

3.37 (3.08–3.70)

4.57 (3.71–5.61)

3.52 (3.21–3.86)

4.54 (3.64–5.66)

5.62 (4.90–6.43)

7.38 (5.46–9.99)

6.38 (5.57–7.30)

7.71 (5.60–10.60)

11.26 (9.37–13.54)

15.12 (11.08–20.64)

9.92 (8.36–11.78)

10.25 (7.40–14.21)

Models included comorbidity and cancer survivor status as interaction terms and were controlled for age, sex, education, race/ethnicity, and income. Data
presented as odds ratios (95% conﬁdence intervals).
*Comorbidities were measured by the number of health conditions causing functional limitations.
CS, cancer survivors.

tom estimation as illustrated by our study and
others.23,24
We found a substantial symptom burden among
cancer survivors compared with general population
controls, with the greatest difference seen in patients younger than 50. Previous literature has
found that younger survivors were more likely to
report psychosocial problems and use mental
health services compared with older survivors,24,25
and our study helps quantify this magnitude by
comparing cancer survivors with the general population in the speciﬁc age categories. A number of
reasons can account for why symptom burden may
be greater among younger survivors. (1) Recent
ﬁndings of age-related changes in the endogenous

opioids26 and serotonin27 systems may confer protection against perceived distress resulting from an
age-related increase in physical problems. (2)
Younger cancer survivors are more likely to choose
deﬁnitive (eg, surgery) or systemic (eg, chemotherapy) cancer therapies,28 which are associated with
greater side effects and long-term late effects. (3)
As result of their other medical problems, older
people may have developed coping strategies that
can better mitigate the impact of cancer diagnosis
and treatment.29 In contrast, younger people are
often struck by a cancer diagnosis when they are in
a state of “perfect health.” A potentially life-threatening illness and intensive treatment regimen can
interfere substantially with younger survivors’ so-

Table 4. Symptom Burden by Cancer Type and Time Since Cancer Diagnosis, Adjusted for Age, Education, Race/
Ethnicity, and Income

Cancer type*
Breast (reference)
Cervix
Uterine
Prostate
Colorectal
Melanoma
Multiple
Other
Time since diagnosis
0 to 1 year (reference)
2 to 5 years
6 to 10 years
11 years or greater

Pain

Psychological Distress

Insomnia

1.00
1.10 (0.71–1.71)
1.22 (0.75–1.99)
1.06 (0.68–1.63)
0.95 (0.59–1.53)
0.87 (0.52–1.46)
1.82 (1.21–2.74)†
1.13 (0.83–1.55)

1.00
1.86 (1.17–2.96)‡
2.08 (1.25–3.46)‡
0.82 (0.47–1.41)
1.00 (0.58–1.71)
0.92 (0.50–1.68)
2.44 (1.56–3.80)‡
1.45 (1.02–2.07)†

1.00
1.63 (1.05–2.53)†
1.63 (1.00–2.65)†
0.58 (0.36–0.95)†
0.77 (0.47–1.27)
0.62 (0.35–1.09)
1.13 (0.74–1.74)
0.91 (0.66–1.26)

1.00
0.83 (0.61–1.13)
0.99 (0.70–1.40)
1.06 (0.78–1.45)

1.00
0.76 (0.55–1.06)
0.71 (0.49–1.04)
0.98 (0.70–1.36)

1.00
0.66 (0.48–0.90)‡
0.63 (0.44–0.90)‡
0.72 (0.52–0.98)†

Analysis included only cancer survivors. Data presented as odds ratios (95% conﬁdence intervals).
*Because several cancer types are sex speciﬁc, the models did not include sex as a covariate.
†P ⬍.05.
‡P ⬍.01.
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Table 3. Comorbidity and Increased Symptom Burden Among Cancer Survivors
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appropriate populations. Third, our study attempted to provide an overview of symptom burden among US cancer survivors by collapsing heterogeneous cancer types into one broad category,
as illustrated by our exploratory analysis; certain
types of tumors may have higher symptom burden
and future studies need to understand how symptoms relate to speciﬁc cancer or cancer speciﬁc
treatments. Fourth, the NHIS database does not
contain relevant clinical cancer staging or treatment information, which limited our ability to explore how these clinical factors contribute to symptom burden of cancer. Furthermore, the survey
only included noninstitutionalized adults and so the
results cannot be generalized to the pediatric or
institutionalized adult population.
The strength of this study lies in the use of
existing population-based NHIS data to provide an
overview of symptom burden among cancer survivors with reference to the general population. The
size of database allowed us to examine the intriguing interactions among cancer, age, and comorbidity. Our ﬁndings offer important implications. The
substantial symptom burden experienced by cancer
survivors in the community sample highlights that
appropriate symptom assessment and management
need to occur beyond the immediate treatment
phase and major cancer centers. As medical science
reduces the mortality rate for cancer and other
diseases, increased resources need to be directed at
addressing symptom control in cancer and other
chronic illnesses. This is further emphasized by the
fact that people often turn to non– evidence-based
complementary therapies because of dissatisfaction
with the efﬁcacy of conventional treatments.34 To
eliminate cancer suffering, multidisciplinary research and clinical efforts will be required to increase our understanding of the etiology of symptom burden, evaluate clinic therapeutics, and
disseminate effective therapies to cancer survivors.
Because primary care physicians play central role in
coordinating care and managing chronic illnesses,
only by engaging primary care physicians in the
design, implementation, and dissemination of research will we generate scientiﬁcally and clinically
meaningful solutions that beneﬁt millions of cancer
survivors.
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