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Abstract
Background: Elderly individuals (age >65 years) with cancer are at high risk for newly diagnosed depression after a cancer diagnosis. It is not 
known whether the risk of newly diagnosed depression varies by cancer type. Purpose: To examine the variations in the risk of newly diag-
nosed depression by cancer type among elderly individuals with cancer. Methods: This study used a retrospective cohort study design and data 
from the linked SEER-Medicare files. Elderly individuals (age >65 years) with incident breast, colorectal (CRC), and prostate cancers diagnosed 
between 2007 and 2011 (N=53,821) were followed for 12 months after cancer diagnosis. Depression diagnosis was identified during the 
12-month follow-up period after cancer diagnosis using the ICD-9-Clinical Modification. Complementary log–log regression was used to exam-
ine the association between cancer type and risk of newly diagnosed depression after adjusting for other risk factors for depression. Results: 
We found a significantly higher percentage of newly diagnosed depression among women with CRC compared with those with breast cancer 
(5.8% vs 3.9%), and among men with CRC compared with those with prostate cancer (3.4% vs 1.6%). In the adjusted analysis, women with 
CRC had a 28.0% higher risk of newly diagnosed depression compared with women with breast cancer (adjusted risk ratio [ARR], 1.28; 95% CI, 
1.12–1.46) and men with CRC had a 104.0% higher risk of newly diagnosed depression compared with those with prostate cancer (ARR, 2.04; 
95% CI, 1.65–2.51). Conclusions: Our findings identified cancer types associated with a high risk of newly diagnosed depression after cancer 
diagnosis, who might benefit from routine depression screening to help in its early detection and treatment.
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Background
Depression is a highly prevalent mental health condi-
tion among elderly cancer survivors (age >65 years). Ac-
cording to the CDC, “cancer survivor refers to a person 
who has been diagnosed with cancer, from the time of 
diagnosis throughout his or her life.”1 Cancer survivors 
often find the diagnosis of cancer to be a very stressful life 
event. They may face a fear of death; changes in physi-
cal health, life plans, work, and social roles; and some 
financial concerns.2 As a result, some cancer survivors 

may have difficulties adjusting to the diagnosis of can-
cer and may develop psychological side effects. Evidence 
from the literature suggests that the psychological effects 
of cancer diagnosis may range from sadness to depressive 
symptoms to clinical depression, hereinafter referred to 
as “depression.”3 Depression is highly prevalent among 
cancer survivors compared with their matched non-
cancer controls.4–6 It is estimated that 8% to 25% of all 
cancer survivors experience depression; specifically, that 
10% to 25% of breast cancer survivors,5,7,8 8% to 18% 
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of colorectal cancer (CRC) survivors,9,10 and 5% to 
10% of prostate cancer survivors will experience de-
pression.11,12 

Variability in the prevalence rates of depres-
sion may be due to heterogeneous samples and/or 
differences in settings, time periods, and instru-
ments that are used to diagnose depression. Stud-
ies based on claims databases use the International 
Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) codes to identify depres-
sion.9–12 These studies reported the lowest preva-
lence rates, followed by studies using the Diagnostic 
and Statistical Manual of Mental Disorders, Fifth 
Edition (DSM-V) structured interview.7 Studies 
that use the self-reported symptoms scales, such as 
the Beck Depression Inventory, with cutoff points 
to diagnose depression have reported the highest 
prevalence rates of depression.7,8 For example, the 
prevalence rate of depression among women with 
breast cancer was 6% based on ICD-9-CM codes,5 
11% (95% CI, 8%–16%) based on diagnostic in-
terviews, and 20% (95% CI, 16%–24%) based on 
self-reported symptoms scale.13

Furthermore, the risk of newly diagnosed de-
pression can be higher among cancer survivors 
compared with age- and sex-matched noncancer 
cohorts. A retrospective cohort study estimated 
that the incidence rate of depression among wom-
en with breast cancer was 2.4%, and that women 
with breast cancer had a 58% higher risk of newly 
diagnosed depression within a year after cancer di-
agnosis compared with their matched noncancer 
counterparts (adjusted risk ratio [ARR], 1.58; 95% 
CI, 0.84–3.0).5

There are many reasons why patients with can-
cer may be at a higher risk of developing depres-
sion compared with those without cancer. The 
cancer diagnosis itself may lead to depression. For 
example, studies found that individuals diagnosed 
at an advanced stage have a higher risk of develop-
ing depression compared with those diagnosed at 
an early stage.5,14,15 Cancer treatment can also af-
fect the risk of developing depression. Retrospective 
studies among women with breast cancer reported a 
significant association between chemotherapy treat-
ment and the risk of depression.16–18 Among men 
with prostate cancer, those who received androgen  
deprivation therapy or radiotherapy had a high-
er risk of depression compared with those who  

underwent surgery.19–22 Cancer-related physical symp-
toms such as pain, fatigue, and other physical limita-
tions may lead to depression. Cancer survivors who 
reported fatigue or pain had higher rates of depression 
than those who did not report fatigue or pain.23–25

Moreover, the risk of newly diagnosed depres-
sion may be higher among some cancer types com-
pared with others due to differences in survival 
prognosis and stage at diagnosis.5,26 The estimated 
5-year relative survival rate is 65% for individu-
als with CRC compared with 89% for women with 
breast cancer and 99% for men with prostate can-
cer.26 Danese et al5 reported that elderly women 
with breast cancer diagnosed at an advanced stage 
(stage IV) had a higher risk of newly diagnosed 
depression compared with those diagnosed at an 
early stage (stage I) (risk ratio [RR], 5.03; 95% CI, 
3.45–7.35). CRC is more likely to be diagnosed at 
an advanced stage and to have a poor survival prog-
nosis compared with breast and prostate cancers.5,26 
Therefore, patients with CRC may have a higher 
risk of newly diagnosed depression compared with 
those with breast or prostate cancers. 

Although the risk of newly diagnosed depres-
sion may vary by cancer type, there is a paucity of 
research on the variations in the risk of newly di-
agnosed depression by cancer type. Identifying can-
cer survivors, who are at high risk of newly diag-
nosed depression, is important because depression 
can negatively affect health-related quality of life27 
and survival after cancer diagnosis.9,11,27 Depression 
among cancer survivors is also associated with high 
healthcare utilization and expenditures compared 
with their counterparts without depression.11,28–30 
For example, elderly patients with both cancer and 
depression were more likely to have emergency 
room visits, inpatient visits, outpatient visits, read-
mission, and medication use compared with those 
without depression.11,28,29 Therefore, the objective 
of this study was to examine variations in the risk 
of newly diagnosed depression among the most 
common cancer types,26 with the following com-
parisons: women with breast cancer compared with 
women with CRC, and men with prostate cancer 
compared with men with CRC. These cancers were 
selected because they are the most common cancer 
types; breast cancer among women (41%), prostate 
cancer among men (45%), and CRC among men 
and women (8%).26
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Conceptual Framework 
This study adapted the determinants-of-health model 
by Marmot and Wilkinson,31 which posits that many 
dimensions affect an individual’s health or disease/
illness (eg, newly diagnosed depression). These di-
mensions are an individual’s physical make-up, social 
support, access to care, health behaviors, psychologi-
cal factors, biological risk factors, treatment factors, 
community resources, and geographic region.

Methods
Data Source

SEER-Medicare: This study used the linked SEER- 
Medicare files. The SEER Program is an epidemiologic 
surveillance system consisting of population-based tu-
mor registries residing in 18 SEER areas.32 SEER can-
cer registries collect data on all incident cases of cancer 
that occur in persons residing in SEER areas. These 
data are available in the Patient Entitlement and Diag-
nosis Summary File (PEDSF), which has information 
on patient demographic characteristics, cancer type, 
tumor characteristics, and chemotherapy and radiation 
therapy provided within 4 months of cancer diagno-
sis. Because Medicare is the primary health insurer for 
the elderly, SEER data have been linked to Medicare 
claims. Medicare claims files consist of inpatient claims 
(Medicare Provider Analysis and Review), outpatient 
claims (National Claims History files and outpatient 
claims files), and prescription drug file. 
American Community Survey Estimates From 
Census: This study used the American Community 
Survey (ACS) 2008 to 2012 census tract and census 
zip code files. We linked these files to PEDSF files by 
geographic codes, which included state and county. 
We used these files to derive the census tract median 
household income and education level.
The Area Health Resource File: The Area Health 
Resource File (AHRF) is a publicly available data 
file provided by the Department of Health & Human 
Services (DHHS), which includes county, state, 
and national files.33 This study used the AHRF to 
provide county-level urban/rural continuum codes, 
the presence of community mental health clinics 
(CMHCs), and health professional shortage area 
of mental healthcare. We linked the AHRF files to 
PEDSF files by geographic codes, which included 
state and county. 

Study Design
This study used a retrospective cohort study design 
with a baseline and follow-up period. We considered 
the date of cancer diagnosis as the index date. We 
defined the 12 months before the index date as the 
baseline period and the 12 months after the index 
date as the follow-up period. 

Study Population

Identification of Cancer Survivors: The study popu-
lation consisted of elderly patients (age >65 years) 
with cancer who were diagnosed with primary-only 
incident breast, CRC, and prostate cancers between 
2007 and 2011. We imposed the age restriction of 
>65 years to allow for a 12-month baseline period to 
identify chronic conditions and other risk factors be-
fore cancer diagnosis. We identified the cancer types 
using the primary site variable and the ICD-Oncolo-
gy, Third Edition (ICD-O-3) histology codes. 
Depression-Free Individuals at Cancer Diagnosis:
We identified a depression-free cohort among in-
dividuals with incident cancer. To ensure that the 
incident cancer cases were depression-free, we used 
validated criteria from the National Committee for 
Quality Assurance (NCQA).34 According to the 
NCQA, individuals are considered to be depression-
free at index date if they did not receive antidepres-
sants 90 days before the index date (ie, date of cancer 
diagnosis) or did not have a depression diagnosis 120 
days before the index date. 
Other Inclusion/Exclusion Criteria: We required that 
all individuals have continuous enrollment in Medi-
care Parts A and B and no enrollment in managed 
care plans during the baseline and follow-up periods. 
To identify antidepressants 90 days before the index 
date, we also required that individuals have continu-
ous enrollment in Medicare Part D for 3 months be-
fore cancer diagnosis. We excluded individuals with 
an unknown stage at diagnosis, diagnosed through 
autopsy or death certificate, and who died during the 
follow-up period of 12 months. Supplemental eAp-
pendix 1 illustrates the analytical population selection 
process (available with this article at JNCCN.org).

Dependent Variable: Newly Diagnosed 
Depression (Yes/No)
The dependent variable was newly diagnosed depres-
sion after cancer diagnosis (newly diagnosed depres-
sion) in breast, CRC, and prostate cancer survivors. 

http://www.jnccn.org/content/15/1/46/suppl/DC2
http://www.jnccn.org/content/15/1/46/suppl/DC2
http://www.jnccn.org/content/15/1/46/suppl/DC2
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To identify depression diagnosis, we used a validated 
algorithm developed by the CMS Chronic Condi-
tions Data Warehouse.35 Individuals with at least 
one inpatient or outpatient visit with a depression 
diagnosis during the 12-month follow-up period were 
classified as having newly diagnosed depression. We 
identified the depression diagnosis using ICD-9-CM 
codes, which included 296.2 (major depressive disor-
der, single episode), 296.3 (major depressive disorder, 
recurrent episode), 298.0 (depressive type psycho-
sis), 300.4 (neurotic depression), 309.1 (prolonged 
depressive reaction), and 311.0 (depressive disorder, 
not classified). These codes were widely used in pre-
viously published studies to identify depression diag-
nosis among Medicare beneficiaries.11,36,37 

Key Independent Variable
We selected the independent variables based on the 
determinants-of-health model. The key indepen-
dent variable was cancer type, which is considered a 
biological risk factor. Cancer types were women with 
breast cancer, women with CRC, men with CRC, 
and men with prostate cancer.

Other Independent Variables 
Individual physical makeup variables included age 
in years at cancer diagnosis and race. Social support 
included marital status. Access to care was measured 
by primary care physician (PCP) visit quartiles, cen-
sus tract median household income quartiles, and 
percentage with a less than high school education 
level quartiles. Health behavior consisted of tobacco 
use. Psychological factors included the presence of 
anxiety. Biological risk factors were cancer stage at 
diagnosis (based on the AJCC) and chronic physical 
conditions. Chronic conditions categories included 
cardiovascular disease (heart disease, diabetes, hyper-
lipidemia, hypertension, stroke), respiratory disease 
(asthma, chronic obstructive pulmonary disease), 
and musculoskeletal disease (arthritis, osteoporosis). 
These conditions were selected based on the list of 
chronic conditions framework developed by DHHS 
Multiple Chronic Conditions working group for re-
search, planning, programs, and policy purposes.38 
We identified these conditions based on a validated 
algorithm developed by the CMS Chronic Condi-
tions Data Warehouse35: individuals had at least 1 in-
patient or outpatient visit during the baseline period. 
Treatment factors included cancer treatment during 

the 6 months after cancer diagnosis, which included 
chemotherapy, radiation therapy, and surgery. Cancer 
treatment was identified from claims data using the 
ICD-9-CM Healthcare Common Procedure Cod-
ing System (HCPCS) and the Common Procedural 
Terminology (CPT) codes. Community resources 
consisted of the presence or absence of county-level 
CMHCs and whether the county of residence was 
designated as a health professional shortage area for 
mental health. Geographical location consisted of the 
SEER region and county metropolitan status, which 
was defined using 2013 urban/rural continuum codes 
from the US Department of Agriculture’s Economic 
Research Service. To control for changes in patterns 
of diagnosis over time, year of cancer diagnosis was 
also included as an independent variable.

Statistical Analysis
We used chi-square tests to test the significance of 
unadjusted differences in baseline characteristics 
and newly diagnosed depression. We used comple-
mentary log-log regression analysis to examine the 
adjusted associations between cancer types and 
risk of newly diagnosed depression with 4 different 
models. In Model 1, we included only cancer types 
without controlling for other factors. In Model 
2, we controlled for individual physical make-up 
(eg, age, race) and social support. In Model 3, we 
additionally controlled for access to care, health 
behaviors, biological risk factors (stage at cancer 
diagnosis and chronic physical conditions), and 
psychological factors. In Model 4, we controlled 
for cancer treatment factors, county-level com-
munity resources, geographic region, the year 
at cancer diagnosis, and all other risk factors in 
Model 3 (age, race, marital status, PCP visits, me-
dian household income, education level, tobacco 
use, anxiety, cancer severity measured by stage at 
diagnosis, and chronic physical conditions). All 
statistical analyses were carried out using SAS 9.4 
(SAS Institute Inc., Cary, NC). 

Results
Characteristics of the Study Population
The study population consisted of 53,821 elderly 
fee-for-service Medicare beneficiaries with incident 
breast, CRC, or prostate cancer who were depres-
sion-free at the time of cancer diagnosis. In the 
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Table 1.  Selected Characteristics of the Study Population by Cancer Typea

Women, Breast Women, Colorectal Men, Colorectal Men, Prostate

N % N % N % N % Chi-Square
Significant 
Differences

Individual physical make-up

Age, y 3,104.2 ***

66–69 4,768 34.0 1,042 7.4 1,171 8.4 7,026 50.2

70–74 5,229 33.1 1,389 8.8 1,434 9.1 7,739 49.0

75–79 4,199 37.2 1,439 12.8 1,100 9.8 4,538 40.2

≥80 5,382 42.2 2,877 22.6 1,389 10.9 3,099 24.3

Race 283.1 ***

White 16,358 37.7 5,304 12.2 3,986 9.2 17,732 40.9

African American 1,627 32.7 719 14.5 374 7.5 2,253 45.3

Others 1,593 29.1 724 13.2 734 13.4 2,417 44.2

Social support

Marital status 8,300.9 ***

Married 8,126 28.8 2,152 7.6 3,309 11.7 14,663 51.9

Never married 1,799 37.4 625 13.0 567 11.8 1,820 37.8

Separated/divorced/widowed 8,719 54.1 3,625 22.5 972 6.0 2,800 17.4

Unknown 934 20.1 345 7.4 246 5.3 3,119 67.2

Access to care

Primary care visits 352.9 ***

Quartile 1 (Low) 2,636 33.9 844 10.8 865 11.1 3,440 44.2

Quartile 2 1,929 35.2 527 9.6 513 9.4 2,516 45.9

Quartile 3 8,242 40.0 2,474 12.0 1,890 9.2 7,986 38.8

Quartile 4 (High) 6,771 33.9 2,902 14.5 1,826 9.1 8,460 42.4

Health behaviors

Tobacco use 99.2 ***

Yes 514 27.0 213 11.2 244 12.8 931 48.9

No 19,064 36.7 6,534 12.6 4,850 9.3 21,471 41.4

Psychological factors

Anxiety-PTSD 270.3 ***

Yes 1,159 48.1 414 17.2 170 7.0 669 27.7

No 18,419 35.8 6,333 12.3 4,924 9.6 21,733 42.3

Biological risk factors

Cancer stage at diagnosis 26,141.0 ***

0 3,441 78.8 520 11.9 407 9.3 0 0.0

I 8,912 73.4 1,856 15.3 1,331 11.0 39 0.3

II 5,157 18.2 2,070 7.3 1,483 5.2 19,638 69.3

III 1,453 24.5 1,735 29.2 1,322 22.3 1,431 24.1

IV 615 20.3 566 18.7 551 18.2 1,294 42.8

Cardiovascular disease 36.4 ***

Yes 15,461 36.0 5,552 12.9 4,107 9.6 17,868 41.6

No 4,117 38.0 1,195 11.0 987 9.1 4,534 41.9

Musculoskeletal disease 1,437.7 ***

Yes 5,282 47.9 1,884 17.1 726 6.6 3,134 28.4

No 14,296 33.4 4,863 11.4 4,368 10.2 19,268 45.0

Respiratory disease 97.0 ***

Yes 2,126 34.7 945 15.4 699 11.4 2,349 38.4

No 17,452 36.6 5,802 12.2 4,395 9.2 20,053 42.0

Abbreviations: CMHC, Community Mental Health Center; HPSA, health professional shortage area; PTSD, posttraumatic stress disorder.
aBased on 53,821 elderly fee-for-service Medicare beneficiaries with incident breast, colorectal, and prostate cancers who were continuously enrolled in 
Medicare Parts A and B during the observation period and who were alive during the observation period. Asterisks represent significant differences in study 
population characteristics by breast, colorectal, and prostate cancer, derived from chi-square statistics.
*.01≤P<.05; **.001≤P<.01; ***P<.001.

(continued on next page)
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Table 1.  Selected Characteristics of the Study Population by Cancer Typea

Women, Breast Women, Colorectal Men, Colorectal Men, Prostate

N % N % N % N % Chi-Square
Significant 
Differences

Treatment factors

Chemotherapy 1,028.3 ***

Yes 3,884 26.6 1,674 11.4 1,601 10.9 7,469 51.1

No 15,694 40.0 5,073 12.9 3,493 8.9 14,933 38.1

Radiation therapy 4,610.0 ***

Yes 9,193 46.0 600 3.0 686 3.4 9,517 47.6

No 10,385 30.7 6,147 18.2 4,408 13.0 12,885 38.1

Surgery 23,164.3 ***

Yes 18,193 53.8 5,779 17.1 4,131 12.2 5,723 16.9

No 1,385 6.9 968 4.8 963 4.8 16,679 83.4

Community resources

CMHC 5.5

Yes 10,030 36.5 3,496 12.7 2,648 9.6 11,332 41.2

No 9,548 36.3 3,251 12.4 2,446 9.3 11,070 42.1

HPSA 57.3 ***

No shortage 1,871 36.7 677 13.3 477 9.4 2,075 40.7

Whole county 9,693 35.3 3,319 12.1 2,736 10.0 11,700 42.6

Part county 8,014 37.7 2,751 12.9 1,881 8.8 8,627 40.6

Geographic location

Region 181.4 ***

Northeast 3,852 37.7 1,515 14.8 942 9.2 3,919 38.3

South 5,003 36.9 1,733 12.8 1,312 9.7 5,516 40.7

North-central 2,603 36.8 987 13.9 627 8.9 2,863 40.4

West 8,120 35.4 2,512 10.9 2,213 9.6 10,104 44.0

Metropolitan status 9.2 *

Metropolitan county 15,947 36.5 5,460 12.5 4,056 9.3 18,196 41.7

Non-metropolitan county 3,631 35.7 1,287 12.7 1,038 10.2 4,206 41.4

Year at cancer diagnosis year 31,901 **

2007 2,876 34.9 1,068 13.0 797 9.7 3,495 42.4

2008 3,916 35.2 1,433 12.9 1,110 10.0 4,655 41.9

2009 4,091 36.6 1,443 12.9 1,006 9.0 4,627 41.4

2010 4,208 37.2 1,372 12.1 1,065 9.4 4,666 41.3

2011 4,487 37.4 1,431 11.9 1,116 9.3 4,959 41.3

Abbreviations: CMHC, Community Mental Health Center; HPSA, health professional shortage area; PTSD, posttraumatic stress disorder.
aBased on 53,821 elderly fee-for-service Medicare beneficiaries with incident breast, colorectal, and prostate cancers who were continuously enrolled in 
Medicare Parts A and B during the observation period and who were alive during the observation period. Asterisks represent significant differences in study 
population characteristics by breast, colorectal, and prostate cancer, derived from chi-square statistics.
*.01≤P<.05; **.001≤P<.01; ***P<.001.

(cont.)

study population, 36.4% were women with breast 
cancer, 12.5% were women with CRC, 9.5% were 
men with CRC, and 41.6% were men with pros-
tate cancer (data not shown in tabular form). Most 
of the study population was white (80.7%) and 
lived in metropolitan areas (81%). We also found 
that 51.0% of the counties had a shortage of men-
tal health professionals and 48.9% did not have 
CMHCs (Table 1). 

Cancer Types and Newly Diagnosed Depression
Overall, 3.3% of elderly Medicare patients with breast, 
CRC, and prostate cancer had newly diagnosed de-

pression during the follow-up year. A chi-square anal-
ysis showed that newly diagnosed depression rates sig-
nificantly differed by cancer type (P<.001) (Table 2). 
We found a significantly higher percentage of newly 
diagnosed depression among women with CRC com-
pared with those with breast cancer (5.8% vs 3.9%), 
and among men with CRC compared with those with 
prostate cancer (3.4% vs 1.6%). 

Table 3 displays the RRs and ARR of newly diag-
nosed depression by cancer types from multivariable 
complementary log-log regression analyses. In Model 1, 
which included only cancer types, women with CRC 
had a 53% higher risk of newly diagnosed depression 
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Table 2.  Number and Percentage of Newly Diagnosed Depression by Cancer 
Types and Treatment Characteristicsa

Depression
No 

Depression

 N % N % Chi-Square Significant Differences

Cancer types 365.7 *

Women, breast 755 3.9 18,823 96.1

Women, colorectal 394 5.8 6,353 94.2

Men, colorectal 173 3.4 4,921 98.6

Men, prostate 364 1.6 22,038 98.4

Stage at cancer diagnosis 95.8 *

0 154 3.5 4,214 96.5

I 433 3.6 11,705 96.4

II 705 2.5 27,643 97.5

III 262 4.4 5,679 95.6

IV 132 4.4 2,894 95.6

Chemotherapy 0.1

Yes 454 3.1 14,174 96.9

No 1,232 3.1 37,961 96.9

Radiation therapy 49.5 *

Yes 489 2.4 19,507 97.6

No 1,197 3.5 32,628 96.5

Surgery 110.6 *

Yes 1,265 3.7 32,561 96.3

No 421 2.1 19,574 97.9

aBased on 53,821 elderly fee-for-service Medicare beneficiaries with incident breast, colorectal, and prostate cancers who were continuously enrolled in 
Medicare Part A and B during the observation period and who were alive during the observation period. Asterisks represent significant differences in newly 
diagnosed depression by cancer types, derived from chi-square tests. 
*P<.001.

(RR, 1.53; 95% CI, 1.36–1.73) compared with women 
with breast cancer; men with CRC had a 111% higher 
risk of newly diagnosed depression (ARR, 2.12; 95% 
CI, 1.74–2.57) compared with men with prostate can-
cer. This association between cancer type and risk of 
newly diagnosed depression persisted in Models 2 to 
4, even after controlling for all the risk factors and the 
year at cancer diagnosis in the final model. 

Sex and Newly Diagnosed Depression
We found a significantly higher percentage of newly 
diagnosed depression among women with CRC com-
pared with men with CRC (5.8% vs 3.4%). In the 
adjusted analyses, we found that women with CRC 
had a 46% higher risk of newly diagnosed depression 
compared with men with CRC (ARR, 1.46; 95% CI, 
1.22–1.76) (Table 4). 

Cancer Stage and Newly Diagnosed Depression
We found that the risk of newly diagnosed de-
pression was higher among cancer survivors diag-

nosed at an advanced stage compared with those 
diagnosed at an early stage. For example, cancer 
survivors diagnosed at stage IV had a 63% higher 
risk of newly diagnosed depression compared with 
those diagnosed at stage I (ARR, 1.63; 95% CI, 
1.31–2.03). The RR and ARR of newly diagnosed 
depression by other variables are displayed in sup-
plemental eAppendix 2.

Discussion
This is the first study to date that has evaluated the 
relationship between cancer type and risk of newly 
diagnosed depression after cancer diagnosis among 
elderly individuals with incident breast, CRC, and 
prostate cancer. In our study, the rate of newly diag-
nosed depression was highest (5.8%) among wom-
en with CRC and lowest (1.6%) among men with 
prostate cancer. Among women with breast cancer 
the rate of newly diagnosed depression was 3.9% in 
our study, which is higher than the estimate (2.4%) 

http://www.jnccn.org/content/15/1/46/suppl/DC2
http://www.jnccn.org/content/15/1/46/suppl/DC2
http://www.jnccn.org/content/15/1/46/suppl/DC2
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Table 3.  ARRs and 95% CIs of Cancer Types From Regression Analysis on Newly Diagnosed Depressiona

Cancer Typesb RR 95% CI
Significant 
Differences Cancer Typesc RR 95% CI

Significant 
Differences

Model 1: Included the types of cancer without adjustment

Women, colorectal 1.53 [1.36,  1.73] * Women, breast 2.29 [1.97,  2.67] *

Men, colorectal 0.88 [0.74,  1.04] Women, colorectal 3.10 [2.62,  3.66] *

Men, prostate 0.42 [0.37,  0.47] * Men, colorectal 2.12 [1.74,  2.57] *

Cancer Typesb ARR 95% CI
Significant 
Differences Cancer Typesc ARR 95% CI

Significant 
Differences

Model 2: Adjusted for individual physical make-up and access to care

Women, colorectal 1.49 [1.32,  1.69] * Women, breast 2.17 [1.90,  2.47] *

Men, colorectal 0.98 [0.83,  1.16] Women, colorectal 3.23 [2.77,  3.77] *

Men, prostate 0.46 [0.40,  0.53] * Men, colorectal 2.12 [1.77,  2.55] *

Model 3: Adjusted for cancer type, individual physical make-up and access-to-care characteristics, health behaviors, and biological risk factors

Women, colorectal 1.35 [1.19,  1.54] * Women, breast 2.33 [2.00,  2.72] *

Men, colorectal 0.92 [0.78,  1.10] Women, colorectal 3.14 [2.66,  3.72] *

Men, prostate 0.44 [0.37,  0.51] * Men, colorectal 2.06 [1.70,  2.51] *

Model 4: Adjusted for cancer type, individual physical make-up and access-to-care characteristics, health behaviors, and biological risk factors, treatment 
factors, community resources, geographical location, and year at cancer diagnosis

Women, colorectal 1.28 [1.12,  1.46] * Women, breast 2.33 [1.95,  2.78] *

Men, colorectal 0.88 [0.73,  1.05] Women, colorectal 2.98 [2.47,  3.60] *

Men, prostate 0.43 [0.36,  0.51] * Men, colorectal 2.04 [1.65,  2.51] *

Abbreviations: ARR, adjusted risk ratio; RR, risk ratio.
aBased on 53,821 elderly fee-for-service Medicare beneficiaries with incident breast, colorectal, and prostate cancers who were continuously enrolled in 
Medicare Part A and B during the observation period and who were alive during the observation period. Asterisks represent significant differences in newly 
diagnosed depression by cancer types, derived from complementary log-log regression.
bReference group = women, breast.
cReference group = men, prostate.
*P<.001. 

available from published literature.5 The higher 
incidence of depression among women with breast 
cancer in our study may be due to differences in 
observation years, because it has been reported that 
the percentage of diagnosed depression among el-
derly Medicare beneficiaries increases over time.39 
Additionally, although Danese et al5 used data from 
1998–2002, the current study used data from 2007–
2012. We were not able to compare the incidence 
of depression for CRC and prostate cancer found in 
our study with other studies, because there are no 
published studies. 

We found that the risk of newly diagnosed de-
pression varied by cancer type. Women with CRC 
had a higher risk of newly diagnosed depression 
compared with those with breast cancer, even af-
ter adjustments for a comprehensive list of risk fac-
tors. Similarly, men with CRC had a higher risk of 
newly diagnosed depression compared with those 
with prostate cancer. As stated in the introduction, 
it is plausible that poor survival prognosis may have 
increased the risk of depression among CRC survi-

vors. This study also found that women with CRC 
had a 52% higher risk of newly diagnosed depres-
sion compared with men with CRC. This finding 
confirmed sex differences in the risk of depression 
that have been documented previously.39 We also 
found in multivariable analyses that advanced stage 
at cancer diagnosis was associated with a higher risk 
of newly diagnosed depression compared with early 
stage at cancer diagnosis. This finding is consistent 
with prior published studies documenting that ad-
vanced stage at cancer diagnosis is associated with 
a high risk of depression.4,5

Clinical Practice and Policy Implications 
Findings from our study have clinical practice and 
policy implications; they suggest that healthcare 
providers need to screen for depression, especially 
among individuals with CRC and those diagnosed 
with an advanced cancer stage. Because cancer is 
a dominant condition and most of the care is usu-
ally directed toward treating cancer, such screen-
ing is important to diagnose depression before it 
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Table 4.  Sex Differences in Newly Diagnosed 
Depression From Regression Analysisa

Cancer Typesa RR 95% CI
Significant 
Differences

Model 1: Adjusted for cancer types

Women, breast 1.14 [0.96, 1.34]

Women, colorectal 1.74 [1.46, 2.08] *

Men, prostate 0.47 [0.40, 0.57] *

Cancer Typesb ARR 95% CI
Significant 
Differences

Model 2: Adjusted for individual physical make-up and access-to-care 
characteristics

Women, breast 1.02 [0.86, 1.21]

Women, colorectal 1.52 [1.27, 1.83] *

Men, prostate 0.47 [0.39, 0.57] *

Model 3: Adjusted for cancer type, individual physical make-up and 
access-to-care characteristics, health behaviors, and biological risk 
factors

Women, breast 1.13 [0.95, 1.35]

Women, colorectal 1.52 [1.27, 1.83] *

Men, prostate 0.48 [0.40, 0.59] *

Model 4: Adjusted for cancer type, individual physical make-up 
and access-to-care characteristics, health behaviors, and biological 
risk factors, treatment factors, community resources, geographical 
location, and year at cancer diagnosis

Women, breast 1.14 [0.96, 1.36]

Women, colorectal 1.46 [1.22, 1.76] *

Men, prostate 0.49 [0.40, 0.61] *

Abbreviations: ARR, adjusted risk ratio; RR, risk ratio.
aBased on 53,821 elderly fee-for-service Medicare beneficiaries with 
incident breast, colorectal, and prostate cancers who were continuously 
enrolled in Medicare Part A and B during the observation period and who 
were alive during the observation period. Asterisks represent significant 
differences in newly diagnosed depression by cancer types, derived from 
complementary log-log regression.
bReference group = men, colorectal.
*P<.001. 

becomes severe. PCPs can play an important role 
in detection and treatment of depression among 
cancer survivors. A national survey of physicians 
conducted by the Cancer Care Outcomes Re-
search & Surveillance Consortium reported that 
PCPs are more involved in detection and treat-
ment of depression in patients with cancer com-
pared with oncologists (50% vs 18%, respective-
ly).40 Therefore, it is important that oncologists 
and PCPs work together to identify and treat de-
pression among cancer survivors, because depres-
sion can negatively affect the health-related qual-
ity of life and survival after cancer diagnosis.9,11,27 

Communication between oncologists and 
PCPs can be improved by the use of survivorship 
care plans, integrated collaborative care programs, 
use of electronic health records, and training PCPs 

in cancer care. ASCO considers survivorship care 
plans, which consist of a treatment summary and 
a follow-up plan, to be an essential component 
in survivorship care, because they can enhance 
care coordination and communication between 
oncologists, PCPs, and mental healthcare provid-
ers.41 One study reported that the communication 
of survivorship care plans to PCPs was associated 
with better care coordination.42 

Collaborative care programs are one approach 
to integrating PCPs in cancer care to provide 
screening, monitoring, and treatment of depres-
sion. For example, the integrated collaborative 
care model, SMaRT Oncology-2 trial (Symptom 
Management Research Trial in Oncology-2), 
found that collaborative care between oncolo-
gists, PCPs, and trained nurses was associated with 
a significantly higher improvement in depression 
compared with the usual care.43 Communication 
between oncologists and PCPs can also be im-
proved by the use of electronic health records and 
the training of PCPs in cancer care.  It has been 
reported that use of electronic medical records 
and PCP training in cancer care improved com-
munication and cancer care coordination between 
oncologists and PCPs.44,45

Study Strengths and Limitations
This study’s findings need to be interpreted in the 
context of its advantages and limitations. One ad-
vantage is that this study used linked cancer registry 
and claims data, which allowed us to follow a large 
cohort of patients across a variety of health provid-
ers. Another advantage is that we also controlled 
for a comprehensive list of factors, such as cancer 
stage and treatment. This study also has some limi-
tations. Because the study population was restricted 
to fee-for-service Medicare beneficiaries and those 
residing in SEER regions, the study findings are not 
generalizable to all Medicare beneficiaries. The fo-
cus of this study was on the most common types of 
cancer; future studies may need to investigate the 
risk of newly diagnosed depression and depression 
treatment rates among elderly patients with other 
types of cancer. It is plausible that depression may 
be underrecognized and we may have underestimat-
ed the rate of newly diagnosed depression.
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Conclusions
This study has provided new evidence that there is 
variation in the risk of newly diagnosed depression 
by cancer type. Healthcare providers of cancer 

survivors may need to routinely screen individuals 
at high risk for depression, specifically those with 
CRC and those with an advanced stage of cancer 
at diagnosis. 
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