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Abstract Depressive symptoms are frequently elevated

following breast cancer diagnosis. The stress generation

hypothesis states that people with depression generate

stressful events and these stressors lead to subsequent

depression. This study tested the stress generation

hypothesis over the first 5 years of cancer survivorship.

Women with stage II or III breast cancer (N = 113) were

accrued. Five mediation models were constructed, one for

each year. Each model tested whether stressful events in

each year mediated the relationship between depression at

the beginning and end of that year. Stress generation was

observed in the first 2 years following cancer diagnosis but

not from 2 to 5 years after diagnosis. The relationship of

depression to future stress in breast cancer patients may be

moderated by phase of survivorship. Screening and treat-

ment of depressive symptoms in cancer survivors may need

to consider the generation of stressful events.

Keywords Breast cancer � Survivorship � Stress

generation � Depression

Introduction

Depression is often chronic (Maj et al. 1992; Mueller

et al. 1999). Chronic depression can be particularly det-

rimental for cancer survivors. Depressive symptoms tend

to be elevated following cancer diagnosis and depression

may affect quality of life (Peters and Sellick 2006; Yen

et al. 2006) and has been shown to covary with cancer

death (Chida et al. 2008; Falagas et al. 2007; Reich et al.

2008). Data show depressive symptoms tend to peak at

diagnosis, decline in the next year and stabilize thereafter

(Burgess et al. 2005; Thornton et al. 2008), but a subset

of patients may be at risk for continued depressive

symptoms (Brothers and Andersen 2009; Golden-Kreutz

and Andersen 2004; Stanton et al. 2005). Determining the

factors sustaining depression in cancer populations is

crucial for both psychological and health outcomes. The

current study tests the stress generation hypothesis

(Hammen 1991) as a factor in chronic depression among

breast cancer survivors.

Hammen hypothesized that individuals with chronic

depression may promote the occurrence of subsequent

stressful events (Hammen 1991). The individual engages

in behaviors such as excessively seeking reassurance,

which may then lead to stressful events such as inter-

personal conflict. The behavior of the individual is cre-

ating, albeit unintentionally, stressful events such as

conflict with friends and family. These stressful events

then worsen depressive symptoms. Hammen originally

(1991) reported that women with a diagnosis of recurrent

depression (at least two episodes including the current

episode with the first episode occurring 8–16 years before

the study) reported more stressful events over the sub-

sequent 12 months than the comparison groups of women

with bipolar disorder, a medical illness (diabetes or

rheumatoid arthritis) or healthy controls. Since that

demonstration, stress generation has been observed in

adolescents (Cole et al. 2006; Daley et al. 1997; Rudolph

et al. 2000; Wingate and Joiner 2004), and adults (Chun

et al. 2004; Cui and Vaillant 1997; Davila et al. 1997;
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Holahan et al. 2005). Also, depressive symptoms generate

stress in community samples as well as psychiatric sam-

ples (Chun et al. 2004). Research has also shown that

depressive symptoms, not just a diagnosis of depression,

generate stress (Davila et al. 1997; Jones et al. 2001;

Uhrlass and Gibb 2007).

While depression can generate stress, whether depres-

sion in cancer patients continues to generate stress over

time is unclear. The current study provides a unique

opportunity to investigate stress generation during a

lengthy stressful event, cancer diagnosis and treatment.

This study also provides an opportunity to examine stress

generation when most obvious stressors have concluded,

i.e. after patients finish treatment. Cancer diagnosis is

stressful (Andersen et al. 1989, 1998; Weisman and Wor-

den 1976). Stress from cancer may have at least two po-

tential effects relevant to stress generation. First, the stress

from cancer may increase the likelihood of depressive

symptoms (Golden-Kreutz and Andersen 2004). If this is

the case, stress generation is most likely to occur during the

most stressful time (shortly after diagnosis). Alternatively,

the stress from cancer may overshadow any effect of ele-

vated depressive symptoms, reducing a stress generation

effect. In this alternative case, stress generation would only

be present after the stress from cancer has subsided. The

current study tests which of these two hypotheses charac-

terize the breast cancer patients during their first 5 years of

cancer survivorship. For clinicians helping cancer patients

with elevated depressive symptoms, the results of the

current study could determine when stress generation

should be targeted for those cancer patients with comorbid

depressive symptoms. If stress generation does not occur

during a specific time in cancer survivorship (for instance,

after treatment), treatment of depressive symptoms should

not focus on stress generation. Conversely, if stress gen-

eration is present, psychological treatment should target

stress-generating behaviors to prevent relapse.

We tested for stress generation in the 5 years following

surgery for breast cancer. Patients were initially assessed

after diagnosis and surgery but before adjuvant treatment.

Follow-up assessments occurred at yearly intervals. For

each year, depression at the start of the year (initial

depression) was used as a predictor of depression at the end

of the year (subsequent depression). Reported stressful

events that occurred between initial depression and sub-

sequent depression were tested as a mediator of the rela-

tionship between initial depression and subsequent

depression. The first model tested the presence of stress

generation in the year following cancer diagnosis. The

second model tested for stress generation following cancer

treatment and during recovery from treatment. The sub-

sequent three models tested for stress generation there

after.

Methods

Participants and procedures

Patients (N = 227) with an initial diagnosis of breast

cancer, Stage II or III, were accrued following surgery but

before adjuvant treatment for a randomized clinical trial

(RCT) testing the effect of a biobehavioral intervention on

stress and ultimately, disease progression (Andersen et al.

2004, 2008). The study was approved by the Ohio State

University Institutional Review Board and informed con-

sent was obtained from each participant. Following consent

and accrual, women were randomized to either the inter-

vention (n = 114; see Andersen et al. (2009) for descrip-

tion) or the assessment-only arm (n = 113). Women in the

intervention arm of the RCT were excluded from the

present study due to potential intervention effects and will

not be described further. Only patients from the assess-

ment-only arm of the RCT were included in the present

study. See Table 1 for participant sociodemographics and

disease characteristics. Participants were assessed at base-

line and every 12 months for 5 years for a total of 6 data

collection points. Trained interviewers conducted in-person

assessments.

Measures

Depression

The 11-item Iowa short form of the Center for Epidemio-

logical Studies Depression Scale (CES-D; Radloff 1977)

was used to measure depressive symptoms. Each item is

rated on a 3-point scale from 0 = hardly ever or never to

2 = much or most of the time over the previous week.

Total scores range from 0 to 22. Higher scores reflect

greater depressive symptoms. A score at or above 10

indicates clinically significant depressive symptoms

(Andresen et al. 1994). Internal consistency was .73 in this

sample, consistent with prior research (Himmelfarb and

Murrell 1983; Kohout et al. 1993). Unlike other measures

of depressive symptoms, the CES-D is relatively unaf-

fected by physical symptoms and is commonly used in

research with medical patients (Devins et al. 1988).

Stressful life events

The stress generation hypothesis specifically states that

depression generates stressful events as opposed to per-

ceived stress. The emphasis on stressful events as opposed

to perceived stress is a strength of the stress generation

hypothesis because perceived stress could be inflated by

the depressed person’s negative views (Beck et al. 1979).

Stressful life events were measured with the Life Events
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scale, adapted from the Women’s Health Initiative study

(Matthews et al. 1997). Participants indicated if any of five

stressful life events occurred during the previous year. The

events were death/illness of family/friend, financial diffi-

culty, divorce or break-up of family member or friend,

major conflict with children or grandchildren, serious

accident/robbery. The total reflects the number of different

events reported (range 0–5) with higher scores indicate

more frequent life events.

Analytic strategy

Depressive symptoms and stressful life events were

examined prior to mediation analyses. The change over

time in depressive symptoms and stressful life events was

tested using one-way, repeated measures analysis of vari-

ance (ANOVA). Also, the percentage of women at or

above the clinically significant cutoff of 10 for the CESD-

short form (Andresen et al. 1994) was determined.

To test the indirect effect of initial depressive symptoms

on subsequent depressive symptoms through generation of

stress, mediation analyses were conducted. Mediation tests

the indirect effect of one variable (the predictor) on the

outcome through a hypothesized third variable (the medi-

ator). The bootstrapping method of mediation analysis was

used (Shrout and Bolger 2002). The indirect effect is cal-

culated by multiplying the coefficients of the mediator

regressed on the predictor and the outcome regressed on

the mediator. To test whether the indirect effect is signif-

icantly different from zero, a confidence interval (CI) is

constructed from the bootstrapped distribution using the

specified alpha level (0.05). If the interval does not contain

zero, the indirect effect is significant. Unlike alternative

methods of testing mediation (Baron and Kenny 1986), this

method tests mediation directly and does not necessarily

indicate partial or complete mediation.

A total of five mediation models were constructed and

analyzed using AMOS 16.0. Demographic or disease var-

iable controls were specified a priori and were chosen

based on the literature showing significant relationships

with depression in cancer patients. The five controls used

were age (Wenzel et al. 1999), income (Kim et al. 2008),

education (Kim et al. 2008), marital status (Cuellar et al.

2003), and surgery type (Kim et al. 2008). In each model,

depressive symptoms at baseline, 12, 24, 36 or 48 months

were used as the predictor. Depressive symptoms 1 year

later (12, 24, 36, 48 or 60 months, respectively) served as

outcomes. Stressful events in the interim year (e.g. 12–24

months) were used as the mediator.

Women were included in analyses if they provided at

least one of the following three data points for the partic-

ular analysis: initial depression; life events; and subsequent

depression. Attrition resulted from three sources: disease

progression (recurrence or death); discontinued study par-

ticipation (drop); and a missed assessment but continued

participation in the study. See Fig. 1 for study flow and

attrition numbers by reason. All 113 women were included

in the 0–12 month analysis. Twenty-two women (19% of

total sample) were excluded from the 12–24 month anal-

ysis. Thirty-four women (30%) were excluded from the

24–36 month analysis. Forty-two (37%) were excluded

from the 36–48 month analysis. Forty-eight (42%) were

excluded from the 48–60 month analysis. Missing data

were multiple imputed using Lisrel 8.51 in cases of missing

one or two of the required data points. For each analysis,

the following amount of data was imputed: 0–12 months,

16%; 12–24 months, 11%; 24–36 months, 8%; 36–48

months, 12%; and 48–60 months, 9%. We compared wo-

men who discontinued study participation to those

continuing in the study on the following variables: age,

marital status, income, education, surgery type, baseline

depressive symptoms and baseline stressful events. Women

who discontinued study participation by the second year

had significantly higher baseline depressive symptoms

[P \ .05; mean for drops = 7.53 (SD = 3.18); mean for

those continuing = 5.44 (SD = 3.37)] and fewer years of

education [P \ .05; mean for drops = 13.24 (SD = 2.97);

mean for those continuing = 14.66 (SD = 2.47)] than

those continuing participation. No other significant differ-

ences were noted.

Table 1 Descriptive statistics for demographic and disease charac-

teristics for the study sample (n = 113) at the baseline assessment

Variable Mean (SD)/%

Sociodemographic

Age (years) 50.58 (10.61)

Race (% Caucasian) 90.3%

Education (years) 14.34 (2.57)

Marital Status (% partnered) 72.6%

Family Income (1,000 $/year) $65 ($84)

Prognostic

Stage (II vs. III, % II) 92.0%

Nodes (number positive) 3.06 (5.27)

ER/PR status (% positive) 68.1%

Treatment

Surgery (lumpectomy vs. mastectomy,

% mastectomy)

57.5%

Radiation therapy (% yes) 52.2%

Chemotherapy (% yes) 86.7%

Means and standard deviations are reported for continuous variables.

Percents are reported for dichotomous variables. ER/PR estrogen

receptor/progesterone receptor
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Results

Depressive symptoms were highest at baseline and de-

clined following baseline (F(5,250) = 2.877, p = 0.015,

partial g2 = 0.054). At baseline, 19.5% of women had

clinically significant depressive symptoms using the CESD

cutoff (Andresen et al. 1994). At each subsequent assess-

ment (12, 24, 36, 48 and 60 months) 10.5, 11.5, 10.0, 11.9

and 11.9% of women had clinically significant depressive

symptoms. The percentages of women in our sample with

significant depressive symptoms was slightly lower than

previous reports (23–29%) in other samples of cancer pa-

tients (Bower et al. 2000; Roscoe et al. 2005). The number

of stressful events remained stable over the 5-year period

with no significant change [F(5,250) = 0.511, P = 0.767,

partial g2 = 0.010]. Participants tended to report at least 1

of the 5 stressful events each year (see Table 2 for means

and standard deviations). The number of reported events is

less than reported in other studies of cancer patients (Butler

et al. 1999; Kornblith et al. 2001), however, this could have

resulted from screening for only 5 events whereas other

studies screen for 37–57 events. See Table 2 for correla-

tions between depressive symptoms and stressful events

and means of depressive symptoms and stressful events.

To test the consistency of the stress generation effect,

five mediation models were constructed. Direct effects are

reported in Table 3 and indirect effects (mediation effects)

are reported in Table 4. Stressful events significantly

mediated the effect of initial depressive symptoms on

subsequent depressive symptoms for the first 2 years. From

baseline to 12 months later, stressful events significantly

mediated the effect of baseline depressive symptoms on

12-month depressive symptoms (see Table 4) supporting a

stress generation effect. Stressful events from 12 to

24 months also significantly mediated the effect of

12-month depressive symptoms on 24-month depressive

symptoms (see Table 4) also suggesting a stress generation

effect. However, both direct effects from initial depressive

symptoms to subsequent depressive symptoms were still

significant (See Table 3 and Fig. 2). In Fig. 2, Time X

refers to depressive symptoms at the beginning of the

interval (baseline, 12, 24, 36, or 48 months) and Time Y

refers to depressive symptoms at the end of the interval

(12, 24, 36, 48 or 60 months).

Randomization

114 participants

Randomized to 
intervention arm

113 participants

Randomized to 
assessment arm

227 participants

Initial Assessment

Not included in current 
study

12 month assessment

24 month assessment

36 month assessment

48 month assessment

60 month assessment

8 Disease progression
12 Drop
2 Missed assessment

23 Disease progression
24 Drop
1 Missed assessment

18 Disease progression
19 Drop
5 Missed assessment

14 Disease progression
17 Drop
3 Missed assessment

Fig. 1 Study flow diagram. 227 participants were randomized to the treatment or assessment arm (control group). Only women in the

assessment arm were included in the current study. Reasons for exclusion from mediation analyses are provided
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After the first 2 years, indirect effects were no longer

significant (see Table 4), indicating that the stress genera-

tion effect was no longer evident after 24 months. The

direct effects of initial depressive symptoms on stressful

events were not significant, indicating that depressive

symptoms did not predict more stressful events (See

Table 3). The direct effects of stressful events on sub-

sequent depressive symptoms were not significant, indi-

cating that stressful events were not related to subsequent

depressive symptoms (see Table 3). The direct effects of

Table 2 Means, standard deviations, and correlations between depressive symptoms and stressful events

Mean (SD) 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.

CESD

1. Baseline 5.98 (3.46) 1.00

2. 12 Months 4.09 (3.38) .46** 1.00

3. 24 Months 4.22 (3.96) .40** .64** 1.00

4. 36 Months 4.04 (4.09) .41** .51** .61** 1.00

5. 48 Months 4.03 (4.27) .44** .60** .67** .59** 1.00

6. 60 Months 4.04 (4.00) .43** .64** .67** .65** .75** 1.00

SLE

7. Baseline 1.27 (1.12) .17* .20** .19* .30** .29** .32** 1.00

8. 12 Months 1.20 (0.99) .24** .45** .34** .42** .26** .41** .36** 1.00

9. 24 Months 1.38 (1.07) .21** .39** .41** .36** .40** .48** .29** .42** 1.00

10. 36 Months 1.29 (0.95) -.05 .07 .16 .28** .15 .17 .21* .26** .36** 1.00

11. 48 Months 1.10 (0.98) .25** .20* .23** .24** .31** .35** .22* .30** .37** .24** 1.00

12. 60 Months 1.36 (1.16) .02 .18 .08 .06 .21* .27** .35** .28** .23** .09 .01 1.00

CESD center for epidemiological studies depression scale, SLE stressful life events

* p\0.05, ** p\.01

Table 3 Standardized direct effects. Arrows indicate the first variable predicting the second variable

Path Direct Effect Bootstrap SE p-value

Model I: Baseline to 12 months

a: Baseline CESD ? SLE 0.289* 0.090 0.002

b: SLE ? 12 month CESD 0.302* 0.104 0.011

s: Baseline CESD ? 12 month CESD 0.396* 0.082 0.002

Model II: 12–24 months

a: 12 Month CESD ? SLE 0.363* 0.108 0.002

b: SLE ? 24 month CESD 0.218* 0.104 0.040

s: 12 Month CESD ? 24 month CESD 0.635* 0.083 0.002

Model III: 24–36 months

a: 24 Month CESD ? SLE 0.122 0.117 0.269

b: SLE ? 36 month CESD 0.064 0.101 0.465

s: 24 Month CESD ? 36 month CESD 0.577* 0.080 0.002

Model IV: 36–48 months

a: 36 Month CESD ? SLE 0.249 0.120 0.067

b: SLE ? 48 month CESD 0.142 0.092 0.133

s: 36 Month CESD ? 48 month CESD 0.659* 0.098 0.003

Model V: 48–60 months

a: 48 Month CESD ? SLE 0.153 0.152 0.342

b: SLE ? 60 month CESD 0.075 0.078 0.326

s: 48 Month CESD ? 60 month CESD 0.748* 0.119 0.005

CESD center for epidemiological studies depression scale, SLE stressful life events. Controls in all models were age, income, education, marital

status and surgery type. * p\0.05
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initial depressive symptoms on subsequent depressive

symptoms were significant in all models (see Table 3 and

Fig. 2).

Discussion

This study examined the stress generation hypothesis over

5 years and during different phases of the cancer experi-

ence. A stress generation effect was found in women

with breast cancer, up to 24 months after surgery. After

24 months, the stress generation effect was no longer ob-

served and stressful events did not mediate the relationship

between initial depressive symptoms and subsequent

depressive symptoms. Overall, this study supported the

stress generation hypothesis by showing that when

depressive symptoms were highest (closer to diagnosis), a

stress generation effect was observed. That the effect was

present only in the first 2 years after diagnosis suggests that

stress generation may only be a factor in depressive

symptoms during the first phases of cancer survivorship.

The results supported our first hypothesis, suggesting that

the added stress of a cancer diagnosis enhanced the stress

generation effect.

The stress generation effect could have ceased after

24 months due to low depressive symptoms and different

phases of cancer survivorship. First, consistent with other

data (Burgess et al. 2005), depressive symptoms decreased

during the first year after diagnosis and stabilized in later

years. Some research suggests stress generation becomes

stronger after depressive symptoms increase (Chun et al.

2004). By 24 months, depressive symptoms had declined

and may not have been sufficient to generate stress. A

possible explanation for a lack of stress generation after

24 months and the decrease in depressive symptoms could

be changes occurring in cancer survivorship. Cancer sur-

vivorship has been divided into three phases (Mullan 1985;

Stanton et al. 2005). The first phase, called acute survival,

occurs during cancer diagnosis and treatment. The second,

termed the re-entry phase (Stanton et al. 2005) or extended

survival (Mullan 1985), begins at the end of treatment with

the survivor returning to normal routines yet coping with

fears of cancer recurrence. The third phase, permanent

survival, is thought to occur there after, several years after

diagnosis with a substantial reduction in recurrence fears

(Mullan 1985). Patients in the current study had completed

adjuvant treatment by 12 months, which constitutes acute

survival. The second year (12–24 months) would constitute

the re-entry phase, adding additional stress and making

stress generation more likely to occur. This suggests a

necessary amount of ‘‘background’’ stress may be required

for stress generation. After 2 years, survivors may have

been entering the third phase with lower cancer stress

making stress generation less likely.

The study results have implications for the literature on

stress generation. The majority of past studies testing the

stress generation hypothesis only examined depressive

Table 4 Standardized indirect effects and confidence intervals

Path Indirect effect Bias-corrected 95% CI

Baseline CESD ? SLE ? 12 month CESD 0.087* 0.023, 0.215

12 Month CESD ? SLE ? 24 month CESD 0.079* 0.010, 0.217

24 Month CESD ? SLE ? 36 month CESD 0.008 -0.011, 0.097

36 Month CESD ? SLE ? 48 month CESD 0.035 -0.003, 0.134

48 Month CESD ? SLE ? 60 month CESD 0.011 -0.009, 0.089

Confidence intervals that do not include zero indicate a significant indirect effect

Significant effects indicate a stress generation effect. Arrows indicate the first variable predicting the second variable and the second variable

predicting the third variable. CESD center for epidemiological studies depression scale, SLE stressful life events. Controls in all models were age,

income, education, marital status and surgery type. * p\0.05

(a) Pattern of results for 0 to 12 months and 12 to 24 months 

Pattern of results for 24 to 36 months, 36 to 48 months and 48 to 60 months 

Time X 
Depressive 
Symptoms 

Stressful events 

Time Y Depressive 
Symptoms 

 NS  NS 

 significant 

Time X 
Depressive 
Symptoms 

Stressful events 

Time Y Depressive 
Symptoms 

 significant  significant 

 significant 

(b)

α β

α β

Fig. 2 Summary of path diagrams of direct effects. a shows the

pattern of significant direct effects for baseline through 24 months.

b shows the pattern of significant direct effects for 24 months through

60 months. Time X refers to depressive symptoms at the initial time

point. Time Y refers to the subsequent time point. NS Not significant.

Controls in all models were age, income, education, marital status and

surgery type
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symptoms at one time point and stressful events 1 year

later (Chun et al. 2004; Daley et al. 1997; Davila et al.

1997; Wingate and Joiner 2004). These studies did not

show whether depression continues to generate stress over

multiple depressive episodes or across several years. Only

one study of adolescents examined depressive symptoms

and stressful events at multiple time points over 6 years

(Cole et al. 2006). Future research should determine when

changes in stress generation, similar to the results of the

current study, occur in physically health populations or

other samples with illness.

The results from the current study have potential clinical

implications. First, patients may not mention and physi-

cians often do not recognize depressive symptoms (Passik

et al. 1998). Instead patients may mention new stressors.

Screening for depressive symptoms in cancer patients may

also need to consider new stressful events as a correlate of

depressive symptoms. Second, in addition to screening

concerns, clinicians treating cancer patients for elevated

depressive symptoms may need to target patient behaviors

that generate stress. However, targeting stress generation

may only be important during the first 2 years after diag-

nosis and surgery, as this study suggests stress generation

may cease thereafter.

The results should be considered within the assets and

limitations of the data. The longitudinal design of this study

was an asset. The assessments after surgery but before

adjuvant treatment and the years following provided for the

examination of the stress generation hypothesis across pha-

ses of cancer survivorship. However, the requirements of the

trial may limit generalizability. First, we do not know if these

results apply to psychiatric samples who have variable

courses on depressive disorder. Also, a cancer diagnosis may

differ from other chronic illnesses in ways that differentially

affect stress generation. Second, the measure of life events

may not have captured all stressful life events thereby lim-

iting power. Third, women who discontinued participation

by 24 months had significantly higher baseline depressive

symptoms. This could have led to lower power and no stress

generation effect after the second year.

Chronic depressive symptoms can be a serious problem

for cancer survivors, affecting both psychological (Peters

and Sellick 2006; Yen et al. 2006) and health outcomes

(Chida et al. 2008; Falagas et al. 2007). The current study

applied the stress generation hypothesis, a model from the

psychopathology literature, to study chronic depressive

symptoms in cancer patients. While future research is

needed, results of this study have important implications

for the screening and treatment of depressive symptoms in

cancer patients. Interventions for stress generation may be

needed. Future research should also determine whether

psychological interventions can interrupt the stress gener-

ation process and thereby reduce chronic depressive

symptoms.
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