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Abstract

The purpose of this meta-analysis was to analyze the available evidence concerning the effects of 

depression on non-adherence to adjuvant endocrine therapy (AET) in women with breast cancer. 

MEDLINE and PsycInfo databases from inception through May 1, 2015 were searched using 

terms related to AET adherence. Articles were reviewed and selected based on predetermined 

selection criteria, and effect sizes from included studies were extracted. Pooled effect estimates 

were obtained using random-effects meta-analyses. Of the 312 articles identified, 9 met the 

inclusion criteria. Overall, depression was significantly associated with non-adherence to AET 

(Cohen’s d = 0.35, 95 % CI 0.19–0.52). This effect was not significantly moderated by patient age 

(<65 vs ≥65 years), length of study follow-up (<18 months vs ≥18 months), or method of 

assessing adherence (objective vs self-report). However, within these subgroups, significant effects 

of depression were found only for younger patients (d = 0.46; 95 % CI 0.19–0.72) and in studies 

of shorter duration (<18 months) (d = 0.49; 95 % CI 0.22–0.76). These results suggest that AET 

adherence may be lower among women with greater depressive symptoms, and this effect may be 

exacerbated in younger women during the early phases (<18 months) of AET. Management of 

depressive symptoms in women with breast cancer may help in enhancing adherence to AET and 

improve cancer treatment outcomes.
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Introduction

Clinical depression affects 5–6 % of the world population annually [1]. Among patients with 

cancer, however, the overall prevalence ranges from 8 to 24 % [2]. Among those with breast 

cancer, meta-analytic studies suggest that approximately 20 % suffer from significant 

depressive symptoms [2], with some studies reporting rates as high as 57 % [3]. While 

depression itself is a serious, potentially fatal, medical condition, it also has distal impacts 

on health outcomes in patients with cancer. Specifically, elevated symptoms of depression 

have been associated with a reduced 5-year chance of survival, even when controlling for 

histopathological grade, number of positive lymph nodes, tumor size, type of operation 

received, chemotherapy and/or endocrine therapy, estrogen receptor status, and age [4]. In a 

meta-analysis of 76 prospective studies encompassing 176,863 patients with multiple 

cancers, Pinquart and Duberstein [5] reported a significant increase in mortality risk in 

patients with elevated depressive symptoms. Importantly, the elevated mortality risk 

conferred by depression was independent of disease stage, disease location (e.g., breast, 

lung, brain), and whether depression was assessed prior to or after a cancer diagnosis.

One potential pathway by which depression is associated with increased mortality in women 

with breast cancer is through its effect on adherence to adjuvant endocrine therapies. Most 

women with invasive breast cancer first complete treatments such as chemotherapy, 

radiation, and/or surgery, and then are often recommended to begin adjuvant endocrine 

therapy. These medications have been critical to preventing recurrence of cancer [6] and for 

long-term survival [7, 8] of women with breast cancer. However, long-term adherence to oral 

anticancer treatments is a growing concern among healthcare providers. Several studies 

examining adherence to adjuvant endocrine therapy for breast cancer have found adherence 

rates hovering between 50 and 75 % [9–11]. One study of nearly 2400 patients with breast 

cancer found a high rate of adherence during the first year of follow-up, but rates dropped 

precipitously over time, with only 50 % of patients adherent by 4 years of treatment [9]. 

Other studies show short-term non-adherence to oral chemotherapeutic agents, with one 

study showing only 53 % of patients were adherent over a 6-month follow-up period [12].

The aim of the current meta-analysis was twofold. The first aim was to assess whether 

depression was significantly associated with lower adherence to adjuvant endocrine therapy 

(AET) in women with breast cancer. The second aim was to examine the effect of the 

following moderators: (a) age, (b) study duration, and (c) method of assessing adherence. It 

was predicted that depression would be associated with lower adherence to AET, and that 

this effect would be stronger in (a) younger women, (b) studies of shorter duration (i.e., 

depression has stronger acute effects), and (c) studies that used subjective (self-report) 

methods of assessing medication adherence.

Method

Search criteria

MEDLINE and PsycINFO search engines were used to identify relevant studies published 

before May 1, 2015. Search terms were set broadly to maximize potential hits, and the 

following terms were used to identify studies meeting inclusion criteria. The first stem group 
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focused on adjuvant endocrine therapies and included the terms “adjuvant estrogen therapy” 

or “adjuvant endocrine therapy” or “estrogen therapy” or “endocrine therapy” or 

“tamoxifen” or “aromatase inhibitor” or “anastrozole” or “letrozole” or “exemestane”. The 

second stem group simply consisted of the term “adherence”. To identify further studies, we 

also used the ancestry method, which involves reviewing references of those articles 

included in the search results for other relevant articles not identified in the original search.

Inclusion and exclusion criteria

We included studies that: (a) included as an outcome the discontinuation of, non-adherence 

to, or lack of persistence in taking AET medications among women with breast cancer, (b) 

assessed depression by semi-structured or structured diagnostic interviews, by ICD-9 or 

ICD-10 diagnostic codes, or by self-report instruments, (c) reported statistical information 

that would allow for the calculation of an effect size, and (d) were written in English. We 

excluded studies that assessed adherence to other cancer treatments (e.g., radiation and 

chemotherapy).

Study selection

Three hundred and twelve unique articles were identified through the search strategy. The 

titles and abstracts of the articles were reviewed and a total of 276 were excluded because 

they did not assess predictors of AET adherence, did not collect data (e.g., review article or 

commentary), or were not written in English. The full text of the remaining 36 articles was 

reviewed for their relevance to the research question of which 27 did not meet full inclusion 

criteria. Of these, 20 were excluded because they did not assess depressive symptoms as a 

predictor of AET adherence, and the remaining 7 articles did not provide enough 

information to calculate an effect size. In total, 9 articles were retained for inclusion in the 

meta-analysis. The process of study selection is shown in Fig. 1.

Statistical analysis

To determine if depression was associated with AET adherence, meta-analytic procedures 

were used. The following data were extracted to answer the research questions: (a) sample 

size; (b) mean/median age; (c) class of medication (e.g., aromatase inhibitor), (d) length of 

follow-up, (e) method of assessing non-adherence (e.g., medication possession ratio and 

self-report), and (f) data needed to compute effect sizes. When needed, attempts were made 

to contact study authors for additional data.

Effect sizes were converted to Cohen’s d [13]. For studies reporting means and standard 

deviations of depression scores for adherent and non-adherent groups, Cohen’s d was 

calculated as the difference between the means of the two groups divided by the pooled 

standard deviation. If studies did not provide the means and standard deviations, we 

calculated Cohen’s d from r, (log) odds ratios, and t tests [14]. All effect sizes were 

converted such that a positive sign indicated that depression was associated with greater non-

adherence to AET.

Random effect models with inverse variance weights were used to aggregate individual 

effect sizes into pooled effect estimates with 95 % confidence limits (CI), using the software 
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program MIX 2.0 [15]. Heterogeneity was examined using I2 and the Q-statistic. The ‘fail-
safe n’ was calculated to assess the robustness of the resulting effect size [16]. To assess for 

publication bias, we performed an Eggers regression test (standard normal deviates 

regressed on precision) [17].

Subgroup analyses were conducted to examine whether potential moderator variables could 

account for the variability among effect sizes. Moderators included (a) age (<65 years vs 

≥65 years); (b) length of follow-up period (<18 months vs ≥18 months), and (c) method of 

assessing non-adherence (objective vs self-report). Moderator analyses were conducted 

using mixed effects using the method of moments via the SPSS macros published by Wilson 

[18].

Results

Characteristics of the studies

Characteristics of the studies are presented in Table 1. A total of 9 studies consisting of 

17,735 patients with breast cancer were included. The articles were published over an 11-

year period from 2004 to 2014. The median sample size of the studies was 270 (range 91–

13,593). Five studies had a mean or median age <65 years, and three had samples with 

mean/median age ≥65 years, and one study did not report mean or median age. The median 

study duration was 18 months (range 12 months to 5 years). Four studies examined 

adherence to selective estrogen receptor modulator (SERMs), two examined aromatase 

inhibitor (AI) adherence, and the remaining three included a mix of SERMs and AIs. Five 

studies used objective methods of capturing medication adherence (e.g., MEMS and 

medication possession ratio) and the remaining four measured adherence via patient self-

report.

Overall effect of depression on AET adherence

Figure 2 synthesizes the overall effect of depression on AET adherence. The pooled effect 

size (Cohen’s d) for the 9 studies was 0.35 (95 % CI 0.18–0.52; Z = 4.00, p <0.001), 

whereby greater depressive symptoms were associated with lower adherence. Using Cohen’s 

recommended values for small (d = 0.20), medium (d = 0.50), and large (0.80) effects, these 

results indicate a small-to-medium effect of depression on adherence. Conversion of 

Cohen’s d to an odds ratio allows one to evaluate the odds of a depressed patient being non-

adherent relative to the odds of a non-depressed patient. Using the formulae provided by 

Borenstein et al. [19], the odds ratio for these data is 1.89 (95 % CI 1.38–2.57). The fail-safe 

n for this meta-analysis was 247, indicating 247 studies would need to have been conducted 

in which the effect was zero in order to increase the p value to above 0.05. Heterogeneity 

analyses indicated a large amount of variability within the effect sizes (Q = 43.21, df = 8, p 
< 0.001; I2 = 81.49 %, 95 % CI 65.94–89.94 %). Egger’s test was not significant (B = 1.92 

±0.93, t = 2.06, p = 0.08).

Moderator analyses

Age—Eight studies were included in the analysis of the moderating effect of age on the 

relations between depression and adherence. Results indicated no between group differences 
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(<65 years vs ≥65 years) in effect sizes (Q = 2.54, df = 1, p = 0.11), although examination of 

the within group effect sizes indicated a pooled effect of 0.46 for younger patients (95 % CI 

0.19–0.72; Z = 3.38, p < 0.001) and 0.11 for older patients (95 % CI −0.21 to 0.44; Z = 0.68, 

p = 0.50).

Duration of follow-up—Results indicated that variability in effect sizes was not 

significantly explained by length of study follow-up (<18 months vs ≥18 months). However, 

examination of within-group effects indicated that studies of shorter duration had a pooled 

effect size of 0.49 (95 % CI 0.22–0.76, Z = 3.58, p < 0.001), whereas studies of longer 

duration had a pooled effect size of 0.18 (95 % CI −0.13 to 0.49, Z = 1.16, p = 0.25).

Adherence method—The moderator analysis of method of assessing adherence indicated 

no between group differences in effect sizes (Q = 0.12, df = 1, p = 0.73). The pooled effect 

for objective methods was 0.32 (95 % CI 0.10–0.54, Z = 2.81, p = 0.005), and for self-report 

was 0.38 (95 % CI 0.13–0.63, Z = 2.96, p = 0.003).

Discussion

The overall aim of this meta-analysis was to determine if depression was associated with 

reduced adherence to AET in women with breast cancer. Results indicate that individuals 

with depression have greater non-adherence relative to patients without depression. These 

results extend existing research demonstrating the role of depression in predicting 

medication adherence in patients with various medical conditions. For example, elevations in 

depressive symptoms have been implicated in non-adherence to antiretroviral therapy (ART) 

in people with HIV [20], antihypertensive medications in community-dwelling older adults 

[21], and hypoglycemic and lipid-lowering medications in people with type 2 diabetes [22]. 

While not the focus of this study, it is worth noting that depression has also been linked to 

lower adherence to non-AET cancer treatments [12, 23, 24].

Age, duration of follow-up, and method of assessing adherence were also investigated for 

moderating the relationship between depression and AET adherence. While these moderator 

analyses did not reach statistical significance, this is likely attributable to low power from 

relatively few published studies (k = 9). However, examination of the effects provide some 

promising leads on potential moderator effects. For example, the effect of depression on 

adherence was particularly strong in younger women with breast cancer (d = 0.46; 95 % CI 

0.19–0.72), and in studies of shorter duration (<18 months) (d = 0.49; 95 % CI 0.22–0.76). 

These results might suggest that depression’s effect on adherence may be strongest in 

younger women in the earlier phases of AET therapy (i.e., within the first 18 months of 

beginning therapy), and once patients pass this early phase they may “stick with” their 

therapy for the long-run. However, more studies are needed to confirm this effect. As to the 

trend toward an age effect, this seems consistent with prior research showing that younger 

women appear to be less adherent to a variety of cancer-related health behaviors. For 

example, younger women appear less likely to adhere to AET [25, 26] and surveillance 

mammography [27] relative to older women. Although not assessed in those studies, future 

research should examine if the effect of age on adherence is exacerbated by elevations in 

depressive symptoms.
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One important implication of the present findings is that evidence is provided for a potential 

mechanism explaining the link between depression and cancer mortality [5]. When 

depressed patients fail to take adequate doses of AET, or choose to outright discontinue their 

treatment, they expose themselves to increased risk for recurrence of cancer and mortality 

[28]. What still remains unanswered is how depression specifically acts to reduce AET 

adherence. One possible mechanism is the role of depression in enhancing somatic 

experiences. Specifically, it has been suggested that depression is associated with high rates 

of somatization, symptom amplification, and heightened awareness of bodily sensation [29]. 

Other reports indicate that depressed patients are significantly more likely to seek medical 

care for nonspecific complaints such as fatigue, dizziness, headache, abdominal pain, and 

back pain [30]. As AET is not without side effects, it is plausible that depression serves to 

amplify these effects [31], ultimately raising the risk for non-adherence. Also, depressive 

thoughts that often accompany depression may act to alter patients’ expectations on the 

usefulness or value of adhering to medications [32] or their motivation for doing so.

Depression is a treatable condition via both psychological [33, 34] and pharmacologic [35] 

interventions, often with better results when used in combination. The efficacy of these 

interventions has also been demonstrated in patients with cancer [36, 37]. The results of this 

meta-analysis suggest that effective identification and management of depressive symptoms 

in patients with cancer may aid in promoting long-term adherence to AET, thus improving 

overall cancer outcomes and mortality. There is preliminary evidence that patients who 

receive a greater number of psychotherapy consultations have higher rates of adherence than 

those with fewer consults [10]. However, it is unclear if reduction in depressive symptoms 

was the key mechanism underlying this relationship. Future studies are needed to examine 

whether interventions for depression can successfully enhance AET adherence via their 

effects on depressive symptoms.

The value of promoting adherence to AET cannot be understated. In addition to clear 

benefits to patient health outcomes (i.e., reduced risk for recurrence and mortality), 

adherence to AET has potential economic implications. In a cost-effectiveness study of 1263 

women with breast cancer taking Tamoxifen, McCowan and colleagues [38] determined the 

economic value of changing a patient from low to high adherence. In other words, women 

with low adherence were found to have a shorter time to recurrence, increased medical costs, 

and a worse quality of life. They conclude that interventions that encourage patients to 

continue taking their treatment on a daily basis for the recommended 5-year period may be 

highly cost-effective. Thus, in addition to possible benefits to cancer-related health 

outcomes, there are also economic implications should reducing depressive symptoms in 

women taking AET prove effective for improving adherence.

There are a number of limitations to the current study. As noted above, the limited number 

of studies included (k = 9) limited the power to detect significant moderator effects. A 

second limitation was nearly all of the studies included participants exhibiting mild 

symptoms of depression, and only one study examined whether a clinical diagnosis of 

depression, via ICD-9 codes, was a predictor of adherence to AET. While it is noteworthy 

that a significant effect of mild depression was found, there is a potential that the true effects 

of more severe depression on adherence rates may actually be higher. Thus, more research is 
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needed focusing on individuals with varying severities of depression (e.g., mild, moderate, 

and severe) to parse out the effects of greater symptoms on adherence. A third, related 

limitation is that none of the studies focused exclusively on examining the effects of 

depression on AET adherence. Rather, the majority were devoted to examining patient and 

disease characteristics that predicted adherence (e.g., age, medication beliefs, and primary 

tumor therapy) or that retroactively examined differences between adherent and non-

adherent patients on psychosocial factors. The inclusion or exclusion of depression in the 

published results may have been decided based on the significance of its effect, resulting in a 

trend toward publication bias. This again underscores the importance of future prospective 

studies specifically examining the role of depression on patient adherence.

In conclusion, we found that AET adherence was lower among those with depressive 

symptoms compared to those without, and this association did not significantly differ by 

patient age, length of follow-up period (<18 months vs ≥18 months), or method of assessing 

non-adherence (objective vs self-report). However, within-group analyses indicated that 

depression was significantly related to adherence in younger but not older patients and may 

be stronger during the beginning phases of taking AET (i.e., first 18 months). These findings 

provide one mechanism by which depression may be associated with increased mortality in 

cancer, and suggest that early identification and management of even mild depressive 

symptoms may contribute to greater adherence to AET, an essential treatment to prevent the 

recurrence of some breast cancers.
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Fig. 1. 
Search and study selection process
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Fig. 2. 
Forest plot of the effect size for the relations between depression and adherence to adjuvant 

endocrine therapy
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