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Depression has long been hypothesized to be associated with cancer incidence. However, there is evidence for

a positive publication bias in this field. In the present study, we examined the association between variousmeasures

of depression and cancer incidence at several sites. A total of 14,203 members of the French GAZEL (Gaz et

Electricité) cohort (10,506 men, 3,697 women) were followed up for diagnoses of primary cancers from January 1,

1994, to December 31, 2009. All medically certified sickness absences for depression recorded between January

1, 1990, andDecember 31, 1993, were compiled. Depressive symptomswere self-reported in 1993, 1996, and 1999

with the Center for Epidemiologic Studies Depression Scale. During a mean follow-up period of 15.2 years, 1,119

participants received a cancer diagnosis, excluding nonmelanoma skin cancer and in situ neoplasms. Considering

6 cancer sites (prostate, breast, colorectal, smoking-related, lymphoid and hematopoietic tissues, other sites) and

4 measures of depression, we found 1 positive association and 1 negative association. Overall, there was no com-

pelling evidence for an association between depression and cancer incidence. Such null results should be consid-

ered when addressing concerns of cancer patients and their relatives about the role of depression in cancer onset.

cohort studies; depression; neoplasms; risk

Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; CI, confidence interval; GAZEL, Gaz et Electricité;

INSERM, Institut National de la Santé et de la Recherche Médicale; SAD, sickness absence for depression; SD, standard deviation.

Depression has long been hypothesized to be associatedwith
the risk of cancer. Early findings suggested that self-reported
depressive symptomsmight be associated with increased can-
cer incidence andmortality (1, 2). However, subsequent well-
designed, large-scale prospective studies failed to provide
compelling evidence for this relationship, yielding null (3–5)
or even negative (6) results. In a 1994 meta-analysis, McGee
et al. (7) concluded that therewas aweak, nonsignificant trend
regarding the association between depression and cancer
incidence.
This topic attracted research attention again in 1998, when

Penninx et al. (8) found a nearly 2-fold increased cancer risk
among persons who experienced chronic or recurrent depres-
sive symptoms.Most epidemiologic studies in thisfield assess
depressive symptoms only once. Instead, Penninx et al. repeat-

edly administered the Center for Epidemiologic Studies Depres-
sion Scale (CES-D) and defined chronic or recurrent depressive
symptoms as 3 CES-D scores above the validated cutoff, with
a 3-year interval between measures (8).
We are not aware of a formal replication of the study by

Penninx et al. However, several epidemiologic studies with
positive, null, or negative results were published afterwards,
making the case for 2 independent meta-analyses (9, 10). In
the former, Oerlemans et al. (9) found a weak, nonsignificant
trend regarding the association betweenmajor depression and
cancer incidence. In the latter, Chida et al. (10) addressed sev-
eral “stress-related psychosocial factors” and found depressive
symptoms to be significantly associated with the incidence of
cancer (odds ratio = 1.29, 95% confidence interval (CI): 1.14,
1.46). This result, however, should be tempered by evidence
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for a publication bias favoring positive results (10) and by the
methodological limitations of the studies included (11).

Given these limitations, the current literature does not allow
us to either rule out or confirm a role for depression in cancer
onset. The growing prevalence of both cancer and depression
in the general population (12, 13), as well as concerns regard-
ing their relationship among health-care professionals, patients,
and their relatives, warrants a more authoritative answer from
epidemiologists. Therefore, we took advantage of data from a
large-scale French prospective study, the GAZEL (Gaz et Elec-
tricité) cohort study (14), to examine the association between
various measures of depression (repeated self-reports based
on the CES-D and clinician-based diagnoses of depression)
and incidence of cancer at multiple sites.

MATERIALS AND METHODS

Participants

Details on the GAZEL cohort are available elsewhere (14).
The target population consisted of 44,922 employees of the
French national gas and electricity company Electricité de
France-Gaz de France: 31,411 men aged 40–50 years and
13,511 women aged 35–50 years. The study was approved
by the French authority for data confidentiality (Commission
Nationale Informatique et Liberté) and by the Ethics Evalua-
tion Committee of the Institut National de la Santé et de la
Recherche Médicale (INSERM). In 1989, a total of 20,625
employees (45.9%) (15,011menand5,614women)gavewrit-
ten informed consent to participate. Since 1989, volunteers
have been followed through annual mailed questionnaires and
administrative databases.

Sickness absence for depression

Clinician-based diagnoses of depression were extracted from
records on medically certified sickness absences (15–18). All
sickness absences exceeding 7 days in a 4-year window from
January1, 1990, toDecember 31, 1993,were considered. This
windowwas chosen to ensure homogeneity of the period dur-
ing which exposure was measured across participants. Diag-
noses were coded by company physicians using an abridged
version of the International Classification of Diseases, Ninth
Revision (19). Episodes of sickness absence for depression
(SAD) corresponded to the codes indicatingmajor depression
or dysthymic disorder.

The CES-D

Depressivemoodwas assessed in 1993, 1996, and 1999with
the CES-D. This 20-item questionnaire has been designed
for use in community studies and has a high internal consist-
ency (α = 0.8 to α = 0.9 across samples) (20, 21). The CES-
D asks participants how often they have experienced specific
symptoms during the previous week (e.g., “I felt depressed”;
“I felt everything I did was an effort”; “My sleep was rest-
less”). Responses range from 0 (“hardly ever”) to 3 (“most
of the time”). Based on the validation of the French version,
a global score of ≥17 among men and ≥23 among women
may signal clinically significant depression (20). Since sole

reliance on a binary cutoff may be statistically unsafe (22), we
also consideredCES-D score in 1993 as a continuousmeasure
of depressive symptoms.

In order to replicate the findings of Penninx et al. (8), we
defined chronic or recurrent depressive symptoms as having
CES-D scores above the validated cutoff for the years 1993,
1996, and 1999. If a subject was missing a CES-D score in
one of the 3 time periods, the 2 remaining CES-D scores were
used, and both values had to be above the validated cutoff (8).

Cancer cases

All participants were followed up for diagnoses of primary
cancers from January 1, 1994, to December 31, 2009. Diag-
noses made during the period of employment came from a
registry kept by the medical department at Electricité de
France-Gaz de France that has been validated for accuracy
and completeness (23).Diagnosesmade after retirement came
from systematic validation of each self-reported primary can-
cer through a diagnosis validation survey that began in 2009.
Each annual questionnaire asked participants to report whether
or not they had been hospitalized or diagnosed with any of
several conditions, including cancer, in the preceding12months.
All participants who self-reported cancer at least once during
follow-up were contacted (if alive) and asked to give consent
for a detailed diagnostic investigation with their physician.

In a first set of analyses, we considered as cases all partici-
pants with a validated diagnosis, as well as participants who
reported a diagnosis of primary cancer but died from cancer
before the initiation of the diagnosis validation survey. Infor-
mation on vital status and date of death was obtained annu-
ally for all participants from the company, because it pays out
retirement benefits. Cause-of-death data were available from
baseline (i.e., January 1, 1994) to December 31, 2009, and
were coded by the French national cause-of-death registry
(Centre d’Épidémiologie sur les Causes Médicales de Décès,
INSERM) using the Ninth and Tenth Revisions of the Inter-
national Classification of Diseases (19, 24).

We planned to examine the 4 most frequent types of can-
cer in France, separately: prostate cancer inmen, breast cancer
in women, smoking-related cancers (as defined by the French
National Institute of Cancer, i.e., cancer of the oral cavity
and pharynx, esophagus, larynx, trachea, bronchi and lungs,
and bladder), and colorectal cancer (13). We also planned to
examine afifth category encompassing all other cancers. Non-
melanoma skin cancers and in situ neoplasms were not con-
sidered as cancer cases.

Covariates

Information on age, sex, and occupational grade (blue-
collar worker or clerk; first-line supervisor or sales represen-
tative; management) was obtained from company human
resources records at the beginning of follow-up. Alcohol con-
sumption, smoking, fruit and vegetable consumption (<1, 1–
2, or >2 times per week), height, weight, physical activity (at
least 1 time per week, occasionally, or none), and perceived
health status were self-reported at the beginning of follow-up.
Alcohol consumption, assessed as number of drinks per week,
was categorized as follows: nondrinker, occasional drinker
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(1–13 drinks/week for men, 1–6 drinks/week for women),
and moderate or heavy drinker (≥14 drinks/week for men,
≥7 drinks/week for women). Smoking was categorized into
5 classes: never smoker, ex-smoker of <20 pack-years, current
smoker of <20 pack-years, ex-smoker of ≥20 pack-years,
and current smoker of ≥20 pack-years. Body mass index
was calculated by dividing weight in kilograms by height in
meters squared and was categorized as <18.5, 18.5–24.9,
25–29.9, or ≥30. Perceived health status was reported on an
8-point Likert scale ranging from 1 (“very bad”) to 8 (“very
good”).

Statistical analyses

All statistical analyses were conducted with PASW 18.0.0
software (SPSS Inc., Chicago, Illinois). All P values were 2-
sided. Associations between depression measures as well as
covariates and cancer incidence were estimated with hazard
ratios and 95% confidence intervals computed in Cox regres-
sion analyses. For SAD and depressive symptoms measured
in 1993, the follow-up period ran from January 1, 1994, to the
date of cancer diagnosis, death, refusal to receive any further
questionnaires, or December 31, 2009, whichever came first.
For depressive symptoms measured between 1993 and 1999,
the follow-up period began on January 1, 2000. For partici-
pants who reported a diagnosis of cancer after retirement but
died from cancer before the diagnosis validation survey, the
estimated date of diagnosis was the date of the first self-
report minus 180 days (i.e., the mean interval between 2 annual
questionnaires). Discrete covariates were considered as nomi-
nal variables. The presence of at least 1 SAD exceeding 7 days
from 1989 to 1993 and the presence of chronic or recurrent
depressive symptoms from 1993 to 1999 were considered as
binary variables. Depressive symptomsmeasured in 1993were
considered either as a continuous variable (i.e., CES-D score)
or as a binary variable (i.e., whether the CES-D score met
the validated sex-specific cutoff). Since all covariateswere asso-
ciated with cancer incidence at 1 or more sites, they were all
simultaneously entered into multivariate models.

RESULTS

Study population

Among the 20,488 GAZEL volunteers who were still alive
in 1993, data on all of the covariates were available for
15,030 (73.4%). Volunteers with complete data were more
likely to be male, to be older, to have a higher occupational
grade, to be occasional drinkers, to eat fruits and vegetables
more than twice a week, and to engage in physical activity at
least once aweek, and theywere less likely to be current smok-
ers and to have an extreme body mass index (all P’s < 0.05).
Among these volunteers, 827 (5.5%) were excluded from

this study. One person asked not to receive further question-
naires; 32 died before the beginning of follow-up (i.e., Jan-
uary 1, 1994); 224 had previously had a cancer diagnosis at
baseline; 136 participants died from cancer without having
reported a cancer diagnosis or hospitalization during the follow-
up period; and 434 reported either a diagnosis of cancer or a
hospitalization for cancer, but their cases were neither vali-

dated nor invalidated owing to 1) a lack of written consent to
participate in the diagnosis validation survey (n = 322 volun-
teers, including 20 who died before initiation of the survey),
2) death (n = 8), 3) refusal to respond to the survey when
contacted (n = 1), or 4) failure to contact the volunteer and
his or her physician (n = 103). We excluded these persons to
increase the specificity of cancer diagnoses. Table 1 displays
the characteristics of the 14,203 participants included in the
study.
As expected, participants with at least 1 SAD had a higher

mean CES-D score in 1993 than those without any SADs
(mean score: 20.8 (standard deviation (SD), 12.1) vs. 12.4
(SD, 8.7); t = 17.63, P < 0.001) and were more likely to have
chronic or recurrent depressive symptoms (33.1% vs. 10.2%;
χ2 = 160.87, P < 0.001). They also reported more diseases at
baseline (mean number of diseases: 4.5 (SD, 3.1) vs. 2.8 (SD,
2.3); t = 14.93, P < 0.001), as did participants with chronic
or recurrent depressive symptoms (4.5 (SD, 3.0) vs. 2.8 (2.3);
t = 19.19, P < 0.001).

Cancer incidence

During amean follow-upperiodof 15.2years, 1,119 (7.9%)
participants (872 men) received at least 1 diagnosis of a pri-
mary cancer, including 118 participants (102 men) who self-
reported a cancer diagnosis or cancer hospitalization during
follow-up but died from cancer before the initiation of the
diagnosis validation survey.Amongparticipantswhoreceived
at least 1 diagnosis of a primary cancer, the mean duration
of follow-up prior to cancer diagnosis was 9.2 years. There
were 412 prostate cancer cases among men, 138 breast cancer
cases among women, 125 colorectal cancer cases, and 128
smoking-related cancer cases. Owing to a sufficient number
of cases, we were able to further split the residual category
into cancers of lymphoid and hematopoietic tissue (n = 94)
and cancers at other sites (n = 252). In this residual category,
the most frequent cancers were melanomas (n = 50), cancers
of urinary organs (n = 48), noncolorectal digestive cancers
(n = 47), cancers of the female genital organs (n = 23), and
cancers of the endocrine glands (n = 23). Associations between
covariates in 1993 and cancer incidence in multivariate ana-
lyses are displayed in Table 2.

SAD and cancer incidence

Complete data on SAD were available from January 1,
1989, to December 31, 1993, for a subset of 13,287 partici-
pants (93.6%), whereas 916 participants retired before January
1, 1994. A total of 299 men (3.0%) and 434 women (12.5%)
had at least 1 SAD exceeding 7 days between January 1, 1989,
and December 31, 1993. Among these participants, the median
cumulative length of SAD was 3.4 weeks.
Adjusting for age only, SAD was not associated with the

incidence of cancer, regardless of cancer site (allP’s≥ 0.125),
except for the “other sites” category (hazard ratio = 1.87,
95% CI: 1.22, 2.88; P = 0.004). This association remained
significant after adjustment for the whole set of covariates in
1993 (Table 3). There was no significant interaction with sex
regarding the other categories (all P’s≥ 0.33). Similar results
were obtained regardless of whether participants who died

1714 Lemogne et al.

Am J Epidemiol. 2013;178(12):1712–1720

 by guest on February 27, 2014
http://aje.oxfordjournals.org/

D
ow

nloaded from
 

http://aje.oxfordjournals.org/
http://aje.oxfordjournals.org/


from cancer before the diagnosis validation survey were included
or excluded.

Depressive symptoms in 1993 and cancer incidence

A subset of 12,245 participants (86.2%) completed the
CES-D in 1993. The mean CES-D score in 1993 was 11.8

(SD, 8.2) among men and 15.9 (SD, 10.7) among women. A
total of 2,065 men (22.8% of 9,060) and 800 women (25.1%
of 3,185) had a score above the validated sex-specific cutoff.

Adjusting for age only, neither CES-D score as a continuous
variable nor a CES-D score above the cutoff was associated
with the incidence of cancer, regardless of site (all P’s≥
0.15). Similar results were obtained after adjustment for the

Table 1. Characteristics of Participants in the GAZEL Cohort Study, France, 1993

Characteristic
Men (n = 10,506) Women (n = 3,697)

Mean (SD) No. % Mean (SD) No. %

Continuous variables

Age, years 48.5 (2.9) 45.7 (4.2)

Perceived health statusa 5.7 (1.3) 5.6 (1.3)

Categorical variables

Occupational grade

Blue-collar worker, clerk 1,156 11.0 811 21.9

First-line supervisor, sales representative 5,497 52.3 2,481 67.1

Management 3,853 36.7 405 11.0

Alcohol consumptionb

Nondrinker 884 8.4 849 23.0

Occasional drinker 5,450 51.9 1,970 53.3

Moderate or heavy drinker 4,172 39.7 878 23.7

Smoking

Never smoker 3,935 37.5 2,532 68.5

Ex-smoker, <20 PY 2,924 27.8 529 14.3

Ex-smoker, ≥20 PY 986 9.4 372 10.1

Current smoker, <20 PY 1,465 13.9 96 2.6

Current smoker, ≥20 PY 1,196 11.4 168 4.5

Fruit consumption, times/week

<1 802 7.6 218 5.9

1–2 1,466 14.0 354 9.6

>2 8,238 78.4 3,125 84.5

Vegetable consumption, times/week

<1 272 2.6 61 1.6

1–2 3,796 36.1 1,023 27.7

>2 6,438 61.3 2,613 70.7

Body mass indexc

<18.5 34 0.3 136 3.7

18.5–24.99 4,700 44.7 2,760 74.7

25–29.99 5,046 48.0 625 16.9

≥30 726 6.9 176 4.8

Physical activity

≥1 time/week 3,843 36.6 1,234 33.4

Occasionally 3,492 33.2 984 26.6

None 3,171 30.2 1,479 40.0

Abbreviations: GAZEL, Gaz et Electricité; PY, pack-years; SD, standard deviation.
a Perceived health status was reported on an 8-point Likert scale ranging from 1 (“very bad”) to 8 (“very good”).
b Occasional drinking was defined as 1–13 drinks/week for men and 1–6 drinks/week for women; moderate or

heavy drinking was defined as ≥14 drinks/week for men and ≥7 drinks/week for women.
c Weight (kg)/height (m)2.
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Table 2. Associations Between Covariates Measured in 1993 and Cancer Incidence From January 1, 1994, to December 31, 2009, in Multivariate Cox Regression Analyses, GAZEL Cohort

Study, France

Cancer Type or Site

Prostate (Men)
(n = 412)

Breast (Women)
(n = 138)

Colorectal
(n = 125)

Smoking-related
(n = 128)

Lymphoid and
Hematopoietic
Tissues (n = 94)

Other Sites
(n = 252)

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Age (per year) 1.12*** 1.09, 1.16 1.04† 1.00, 1.08 1.09** 1.03, 1.15 0.98 0.92, 1.04 1.05 0.99, 1.12 1.03 0.99, 1.07

Sex

Male 1.00 1.00 1.00 1.00

Female 0.58† 0.33, 1.03 0.14*** 0.05, 0.35 0.96 0.55, 1.66 1.34† 0.96, 1.86

Occupational grade

Blue-collar worker, clerk 1.00 1.00 1.00 1.00 1.00 1.00

First-line supervisor, sales representative 1.38 0.93, 2.06 1.02 0.67, 1.56 1.26 0.68, 2.33 0.56** 0.36, 0.86 1.22 0.59, 2.49 1.01 0.69, 1.48

Management 1.89** 1.27, 2.82 1.31 0.72, 2.37 1.25 0.65, 2.40 0.36*** 0.21, 0.61 1.86 0.88, 3.94 1.31 0.86, 1.99

Alcohol consumptiona

Nondrinker 1.00 1.00 1.00 1.00 1.00 1.00

Occasional drinker 1.14 0.76, 1.70 1.17 0.74, 1.85 1.83 0.88, 3.83 1.14 0.60, 2.15 1.57 0.70, 3.51 0.93 0.63, 1.36

Moderate or heavy drinker 1.34 0.89, 2.02 1.64 0.99, 2.70 1.41 0.65, 3.03 0.96 0.51, 1.82 1.97 0.86, 4.48 0.79 0.52, 1.20

Smoking

Never smoker 1.00 1.00 1.00 1.00 1.00 1.00

Ex-smoker, <20 PY 1.14 0.91, 1.44 0.95 0.57, 1.58 0.91 0.57, 1.43 2.01† 0.99, 4.05 0.87 0.51, 1.48 0.80 0.57, 1.13

Ex-smoker, ≥20 PY 0.97 0.68, 1.38 1.03 0.59, 1.82 0.96 0.50, 1.84 2.94* 1.30, 6.64 1.29 0.67, 2.46 1.02 0.66, 1.58

Current smoker, <20 PY 0.76 0.55, 1.05 0.84 0.27, 2.67 1.27 0.75, 2.16 5.06*** 2.54, 10.06 0.85 0.40, 1.79 1.07 0.70, 1.62

Current smoker, ≥20 PY 0.64* 0.44, 0.95 1.01 0.46, 2.21 0.71 0.34, 1.46 15.08*** 8.27, 27.47 0.87 0.40, 1.89 1.03 0.66, 1.62

Fruit consumption, times/week

<1 1.00 1.00 1.00 1.00 1.00 1.00

1–2 1.33 0.86, 2.08 0.82 0.33, 2.05 1.24 0.56, 2.77 0.50* 0.27, 0.94 0.41 0.09, 1.82 1.14 0.67, 1.95

>2 1.02 0.68, 1.52 1.07 0.52, 2.21 0.99 0.49, 2.01 0.64† 0.40, 1.03 1.90 0.69, 5.27 0.80 0.50, 1.29

Vegetable consumption, times/week

<1 1.00 1.00 1.00 1.00 1.00 1.00

1–2 0.63† 0.37, 1.08 2.76 0.38, 20.12 0.32** 0.15, 0.70 1.07 0.43, 2.70 1.85 0.25, 13.64 1.05 0.46, 2.41

>2 0.61† 0.36, 1.04 2.28 0.32, 16.48 0.36** 0.17, 0.77 0.89 0.35, 2.24 1.90 0.26, 13.79 0.98 0.43, 2.24

Body mass indexb

<18.5 0.74 0.10, 5.31 0.83 0.31, 2.27 2.35 0.56, 9.87 1.96 0.46, 8.32 0.95 0.13, 6.98 0.97 0.31, 3.07

18.5–24.99 1.00 1.00 1.00 1.00 1.00 1.00

25–29.99 0.90 0.74, 1.10 0.92 0.58, 1.44 1.14 0.78, 1.66 0.76 0.53, 1.10 0.66† 0.42, 1.03 1.12 0.85, 1.48

≥30 1.01 0.68, 1.51 0.42 0.13, 1.35 0.61 0.24, 1.54 0.36* 0.15, 0.92 0.72 0.28, 1.82 1.08 0.63, 1.84
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whole set of covariates in 1993 (Table 4). There was no sig-
nificant interaction with sex regarding the other categories
(all P’s≥ 0.33). Similar results were obtained regardless of
whether participants who died from cancer before the diag-
nosis validation survey were included or excluded.

Chronic or recurrent depressive symptoms and cancer

incidence

Among the 13,789 participants whowere alive and cancer-
free on January 1, 2000, a subset of 11,877 (86.1%) com-
pleted the CES-D at least 2 times in 1993, 1996, and 1999.
During a mean follow-up period of 9.6 years, 779 (6.6%)
participants (633 men) received at least 1 diagnosis of a pri-
mary cancer, including 82 (71 men) who self-reported a can-
cer diagnosis or cancer hospitalization during follow-up but
died from cancer before initiation of the diagnosis validation
survey. The mean duration of follow-up prior to cancer diag-
nosiswas 5.3 years. Therewere 359 prostate cancer cases among
men, 72 breast cancer cases amongwomen, 82 colorectal can-
cer cases, 70 smoking-related cancer cases, 64 cases of cancer
of lymphoid and hematopoietic tissue, and 154 cases of other
cancers.

A total of 848men (9.6%of 8,873) and 335women (11.2%
of 3,004) had a CES-D score above the validated sex-
specific cutoff at each available point from 1993 to 1999.

Adjusting for age, chronic or recurrent depressive symp-
toms were not associated with the incidence of cancer, what-
ever the site (P≥ 0.27), except negatively for prostate cancer
among men (hazard ratio = 0.58, 95% CI: 0.37, 0.91; P =
0.02). This association remained significant after adjustment
for the whole set of covariates in 1999 (Table 5). There was
no significant interaction with sex regarding the other cate-
gories (all P’s≥ 0.39). Excluding or including the partici-
pants who died from cancer before the diagnosis validation
survey yielded similar results. Using a CES-D cutoff of ≥20
for both men and women, as in the study by Penninx et al.
(8), also yielded similar results. Finally, using a CES-D cutoff
of ≥26 for both men and women, in order to obtain similarT
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Table 3. Association Between Sickness Absence for Depression

(≥1 Absences vs. 0) and Cancer Incidence From January 1, 1994, to

December 31, 2009, After Adjustment for All Covariates Measured in

1993, GAZEL Cohort Study, France

Cancer Site
or Type

No. of
Cases

Total No. of
Participants

HR 95% CI
P

Valuea

Prostate (men) 370 9,818 1.39 0.79, 2.43 0.26

Breast (women) 130 3,466 0.97 0.57, 1.66 0.92

Colorectal 112 13,286 0.43 0.11, 1.79 0.25

Smoking-related 118 13,281 0.44 0.14, 1.42 0.17

Lymphoid and
hematopoietic
tissues

90 13,286 1.28 0.54, 3.04 0.57

Other sites 241 13,286 1.76 1.12, 2.78 0.01

Abbreviations: CI, confidence interval; GAZEL, Gaz et Electricité;

HR, hazard ratio.
a P values are 2-sided (Cox regression).
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rates of chronic and recurrent depressive symptoms (i.e., 3%),
yielded null results for all cancer sites.

DISCUSSION

Main findings

To our knowledge, this was the first large-scale prospective
study to examine the association between both clinician-
based and repeated self-reported measures of depression and
cancer incidence at several sites. Overall, we did notfind com-
pelling evidence for an association between depression and
an increased risk of cancer, regardless of the measure consid-
ered. Out of the 24 statistical tests performed, we found only

2 statistically significant associations. The first was a posi-
tive association between SAD and the incidence of cancer at
“other sites.” The second was a negative association between
chronic or recurrent depressive symptoms and the incidence
of prostate cancer. Both would have fallen short of any cor-
rected statistical threshold for multiple comparisons (e.g.,
P < 0.0083 according to a Bonferroni correction considering
6 tests).

Findings in the context of the literature

Strengths of this study include its large sample size, the
long duration of follow-up (15.2 years, on average), the wide
set of covariates, the study of different cancer sites, and the
study of cancer incidence rather than mortality. Cancer diag-
noses were carefully ascertained and validated. In sensitivity
analyses, including or excluding the participants who died
from cancer before the diagnosis validation survey yielded
similar results. Our data are consistent with known associa-
tions forestablished risk factors such as age, alcohol consump-
tion, and smoking, as well as for social and demographic
variables and protective factors (13). The inclusion of both
self-reported and clinician-based measures of depression
allowed us to examine the internal consistency of our results.
For instance, it is noteworthy that there was not even a trend
for the 2 above-mentioned associations when another measure
of depression was used.
The results obtained by Penninx et al. (8) suggested a form

of dose-response relationship between exposure to depressive
symptoms and cancer. We did not replicate these results in
the GAZEL cohort. Statistical power is unlikely to account
for this discrepancy, owing to a 2-fold number of cases and
duration of follow-up. Likewise, differences in CES-D cutoff
values may not explain this lack of replication, since we
obtained similar, mostly null results using either the same
CES-D cutoff as in Penninx et al.’s study or a CES-D cutoff
yielding a similar rates of chronic and recurrent depressive

Table 4. Association Between Depressive Symptoms and Cancer Incidence From January 1, 1994, to December

31, 2009, After Adjustment for All Covariates Measured in 1993, GAZEL Cohort Study, France

Cancer Site
or Type

No. of
Cases

Total No. of
Participants

CES-D Score in 1993a
CES-D Score in 1993 >

Thresholdb

HR 95% CI P Valuec HR 95% CI P Valuec

Prostate (men) 377 9,058 0.99 0.86, 1.13 0.85 1.07 0.84, 1.38 0.58

Breast (women) 128 3,184 0.87 0.66, 1.15 0.33 1.01 0.66, 1.55 0.95

Colorectal 113 12,244 0.86 0.65, 1.12 0.26 0.71 0.43, 1.17 0.18

Smoking-related 117 12,239 0.91 0.71, 1.17 0.47 0.91 0.59, 1.42 0.69

Lymphoid and
hematopoietic
tissues

82 12,244 0.98 0.74, 1.31 0.90 0.89 0.52, 1.52 0.67

Other sites 221 12,244 0.92 0.78, 1.10 0.38 0.80 0.57, 1.12 0.19

Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; CI, confidence interval; GAZEL, Gaz

et Electricité; HR, hazard ratio.
a The 25th and 75th percentile values were used for scaling.
b CES-D score ≥17 among men or ≥23 among women.
c P values are 2-sided (Cox regression).

Table 5. Association Between Chronic Depressive Symptomsa and

Cancer Incidence From January 1, 2000, to December 31, 2009,

After Adjustment for All Covariates Measured in 1999, GAZEL Cohort

Study, France

Cancer Site
or Type

No. of
Cases

Total No. of
Participants

HR 95% CI
P

Valueb

Prostate (men) 359 8,873 0.60 0.38, 0.96 0.03

Breast (women) 72 3,002 1.32 0.67, 2.60 0.43

Colorectal 81 11,877 1.32 0.64, 2.71 0.45

Smoking-related 70 11,866 0.84 0.37, 1.89 0.67

Lymphoid and
hematopoietic
tissues

64 11,877 0.66 0.26, 1.69 0.39

Other sites 154 11,875 0.93 0.54, 1.59 0.79

Abbreviations: CI, confidence interval; GAZEL, Gaz et Electricité;

HR, hazard ratio.
a Defined as Center for Epidemiologic Studies Depression Scale

scores greater than the threshold (≥17 among men or ≥23 among

women) in 1993, 1996, and 1999.
b P values are 2-sided (Cox regression).
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symptoms. However, although the two studies had similar
designs, differences in study population and follow-up may
account for this discrepancy. Our population was predomi-
nantly male and middle-aged at inception, whereas Penninx
et al. included older, predominantly female adults in their study
(8). Depression may be associated with cancer incidence to
a greater extent in women than in men (25, 26). A longer
follow-up periodmay have decreased the likelihood of reverse
causality (i.e., depressive symptoms’ being caused by occult
cancer) (27). In the two studies, CES-D data were collected 6
and3years before baseline,making reverse causality unlikely.
However, because Penninx et al. mainly identified cancers
through hospital discharge records (8), theymay have failed to
ascertain the date of diagnosis as precisely as we did. Therefore,
they may have overestimated the duration of follow-up from the
psychological assessment to the actual onset of the disease.

Althoughmost previous studies in thefieldused self-reported
measures of depression, those that used clinician-based diag-
noses provided mixed results at best (27, 28). In the present
study, we found a weak yet significant association between
SAD and cancer incidence at “other sites.” In addition to the
above-mentioned multiple-comparisons issue and the lack of
internal consistency, the heterogeneity of this residual category
prevents us from further interpreting this result. Indeed, it is
difficult to imagine a plausible biological pathway that would
be general enough to apply to most of these cancers but not to
themore frequent types.Likewise, thefindingof aweaknegative
association between chronic or recurrent depressive symptoms
and the incidence of prostate cancer could be a chance finding
in the opposite direction, as one might expect owing to the
number of tests performed.

Limitations

Several limitations of this study should be acknowledged.
First, cancer cases were thoroughly ascertained and validated,
thus making false-positive diagnoses unlikely, but there may
have been false negatives. Indeed, 136 persons died from can-
cer without having reported a diagnosis of cancer or a hospi-
talization for cancer during follow-up. Several of them died
from a cancer with a poor prognosis (e.g., lung cancer), and
the lack of self-reported cancer incidence data may have been
due to the short time period between diagnosis and death. Given
the possibility of false-negative data, reporting bias may have
resulted in type 2 error. For instance, depressive symptoms may
have been associated with a lower tendency to report cancer
or to engage in screening procedures. Indeed, it may partially
account for the negative association with prostate cancer inci-
dence, which may capture both real incidence and excessive
screening based on the prostate-specific antigen test (13).
However, participants with at least 1 SAD or with subsequent
chronic or recurrent depressive symptoms reported more dis-
eases at baseline, making this hypothesis less likely. Second,
although medically certified sickness absence episodes have
been shown to be a valid global measure of physical andmen-
tal health (16–18, 29), clinical depression might have been
underreported. Third, exposure to potentially carcinogenic
hazards, such as low-frequency electric or magnetic fields or
carcinogenic chemicals foundat theworkplace,werenot taken
into account. In the context of mostly null results, however,

including these data as covariates might have been unlikely
to uncover significant associations between measures of depres-
sion and cancer incidence. Finally, although the GAZEL cohort
covers all regions of France, various areas ranging from small
villages to large cities, and a wide range of socioeconomic
statuses and occupations, it is not representative of the general
population because it includes only middle-aged employed
persons (14).

Conclusion

Naive beliefs about the causes of cancer may add to its
psychological burden. Unfortunately, there is evidence for
positive publication bias regarding the association between
depression and cancer incidence (10). The present study did
not find evidence of such an association, regardless of cancer
site or the duration of depressive symptoms. These negative
results should be considered when addressing concerns of can-
cer patients and their relatives about the role of depression in
cancer onset.
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