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Abstract

Background: Studies evaluating depression’s role in lung cancer risk revealed contradictory
findings, partly because of small number of cases, short follow-up periods, and failure to account
for key covariates including smoking exposure. We investigated the association of depressive
symptoms with lung cancer risk in a large prospective cohort over 24 years, while considering the
role of smoking.

Methods: Women from the Nurses’ Health Study completed measures of depressive symptoms,
sociodemographics, and other factors including smoking in 1992 (N=42,913). Depressive
symptoms were also queried in 1996 and 2000, whereas regular antidepressant use and physician-
diagnosed depression were collected starting in 1996. Multivariable Cox regression models
estimated hazard ratios (HR) and 95% confidence intervals (CI) of lung cancer risk until 2016.

Results: We identified 1,009 cases of lung cancer. Women with the highest versus lowest

level of depressive symptoms had an increased lung cancer risk (HRsociodemographics-adjusted=1.62,
95%CI=1.34-1.95; HRyyjly-adjusted=1.25, 95%C1=1.04-1.51). In a test of mediation, lifetime
pack-years of smoking accounted for 38% of the overall association between depressive
symptoms and disease risk. When stratifying by smoking status, elevated risk was evident among
former smokers but not current or never smokers; however, the interaction term suggested no
meaningful differences across groups (p=0.29). Results were similar or stronger when considering
time-updated depression status (using depressive symptoms, physician diagnosis, and regular
antidepressant use) and chronicity of depressive symptoms.

Conclusions: These findings suggest that greater depressive symptoms may contribute to lung
cancer incidence, directly and indirectly via smoking habits, which accounted for over a third of
the association.
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Introduction

Lung cancer is the second most common cancer, with 228,820 new cases estimated in

the U.S. in 2020, and the leading cause of cancer death (American Cancer Society,

2020). Although incidence has fallen in recent decades in tandem with declining smoking
prevalence, the decline in lung cancer began later and has occurred more slowly in

women versus men, and in individuals from lower versus higher socioeconomic status
(SES; American Cancer Society, 2020). Among nonsmokers, women are more likely to

be diagnosed with lung cancer compared to men; they are also overrepresented among
adenocarcinoma cases, the most common histologic subtype of lung cancer (Donington &
Colson, 2011). While new cases and deaths from lung cancer are higher in men than women
nowadays, these trends are expected to reverse by 2045 (Jeon et al., 2018). Given these
disparities and the still significant overall disease burden, it is critical to identify additional
modifiable risk factors of lung cancer in women while considering SES characteristics, as
well as to identify upstream determinants of smoking.

It has long been suggested that depression plays a role in cancer etiology and progression,
with behavioral and psychoneuroimmunological pathways commonly used to explain
associations (Blumberg, West, & Ellis, 1954; Green McDonald, O’Connell, & Lutgendorf,
2013; Green McDonald, O’Connell, & Suls, 2015; Spiegel & Giese-Davis, 2003).
Depression has been linked with worse lung cancer survival (e.g., Arrieta et al., 2013; Pirl
etal., 2012; Sullivan et al., 2014). Yet, only a few studies have investigated the association
of depression with lung cancer incidence, and results are mixed. For instance, prospective
studies adjusting for age and sex only found greater depressive symptoms were related

to increased lung cancer risk (Dalton, Mellemkjaer, Olsen, Mortensen, & Johansen, 2002;
Goldacre, Wotton, Yeates, Seagroatt, & Flint, 2007), whereas studies further controlling for
SES and lifestyle factors often (Gross, Gallo, & Eaton, 2010; Liang et al., 2011; Penninx

et al., 1998) but not always (Knekt et al., 1996) found no association. However, these more
rigorous analyses either relied on a small number of lung cancer cases (from 56 to 70; Gross
et al., 2010; Penninx et al., 1998) with limited statistical power to detect an association, or
had a relatively short follow-up (6 to 8 years; Liang et al., 2011), perhaps failing to capture
longer-term processes like carcinogenesis.

Aside from addressing these methodological limitations, elucidating depression’s role in
cancer development still deserves further investigation because of depression’s prevalence.
Depression is one of the most common mental disorders, twice as common in women

than men, and the leading cause of disability worldwide (Kessler, 2003; World Health
Organization, 2017). In 2017, 17.3 million U.S. adults reported having experienced =1 major
depressive episode over the previous year (National Survey on Drug Use and Health, 2017),
implying that even more individuals experience non-clinical depressive symptoms. Since
depression is modifiable, evaluating its role in cancer incidence may provide valuable insight
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Methods

into avenues for disease prevention and have a substantial impact at the population level
(Green McDonald et al., 2015).

Additionally, depression is related to behavioral risk factors for lung cancer, notably
cigarette smoking. Evidence shows that depression affects subsequent smoking habits
(Cooper, Borland, McKee, Yong, & Dugue, 2016; Trudel-Fitzgerald, Tworoger, Poole,
Williams, & Kubzansky, 2016; Weinberger, Pilver, Desai, Mazure, & McKee, 2013); hence,
smoking likely mediates the depression-lung cancer association. Alternatively, smoking
also increases future risk of depressive symptoms (Boden, Fergusson, & Horwood, 2010;
Leventhal & Zvolensky, 2015), suggesting smoking may confound the association of
depression with lung cancer risk, or modify the effect of depression on lung cancer risk.

In prior studies, when demographics-adjusted models were further controlled for smoking,
estimates for effects of depression became lower in some cases (Knekt et al., 1996), but
were similar or stronger in other cases (Gross et al., 2010; Penninx et al., 1998). When
studying effect modification, studies controlling for several relevant covariates showed the
association did not significantly differ across smoking groups (Gross et al., 2010; Penninx
et al., 1998). As lung cancer case counts were small in these analyses (from 56 to 70),
smoking’s contribution remains uncertain. Because >34 million U.S. adults were smokers in
2018, a substantial proportion of the population is still more likely to develop lung cancer
than non-smokers (up to 25-fold; American Cancer Society, 2020). Hence, a thorough
examination of smoking’s various roles in the association between depression and lung
cancer is required.

Therefore, we investigated the prospective association of depressive symptoms with

lung cancer risk in a large cohort of women, and explored smoking’s contribution in

this association. We hypothesized higher versus lower depressive symptoms would be
associated with increased lung cancer risk, after adjusting for relevant confounders including
SES characteristics, exposure to secondhand smoke, and lifetime pack-years of cigarette
smoking. We further posited this association would be i) partially mediated by smoking,
whereby greater depressive symptoms would relate to higher disease risk directly, and
indirectly via greater pack-years, and ii) would not be modified by smoking status, with risk
estimates being comparable among smokers and non-smokers.

Study Population

Data are from the Nurses’ Health Study (NHS) cohort, which began in 1976 with 121,700
female registered nurses ages 30-55 years from across the U.S. Since 1976, participants
have returned biennial questionnaires querying health, lifestyle, and psychosocial factors, as
well as newly diagnosed medical conditions. Follow-up rates throughout the study exceed
85% (Bao et al., 2016). The study protocol was approved by the institutional review boards
of the Brigham and Women’s Hospital and Harvard T.H. Chan School of Public Health, and
those of participating registries as required.

Our sample included NHS women who, at the 1992 analytic baseline, did not report a prior
cancer diagnosis (except non-melanoma skin cancer) and completed the baseline assessment
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Measures

of self-reported depressive symptoms (see Supplemental Figure 1). Participants who did
and did not complete the assessment were similar with regard to age, parents’ occupation
and husband’s education, and exposure to secondhand smoke in childhood, as well as
smoking levels, diet quality, and shiftwork. However, less physically active participants and
those without a familial history of lung cancer were less likely to complete the depression
measure. We additionally excluded women with missing data on baseline covariates. To
limit the possibility that latent disease experienced prior to diagnosis affected depressive
symptoms, lung cancer cases occurring <2 years after baseline depression assessment in
1992 were also excluded, yielding a final analytic sample of N=42,913.

Figure 1 depicts a timeline representing exposures, covariates, and outcome assessments
used in the current study.

Depression indicators.—Depressive symptoms experienced in the past month were
assessed via the validated 5-item Mental Health Index (MHI-5) from the Medical Outcomes
Study Short-Form 36 Health Status Survey (Ware & Sherbourne, 1992) in 1992, 1996,

and 2000. Assessed on a Likert scale, item scores were summed and converted to a 100-
point scale for a total score, with higher scores indicating lower symptoms. Following

prior research (Huang et al., 2015; Kroenke et al., 2005), for the main analyses scores
were classified into four categories: 0—-60 (severe depressive symptoms), 61-75 (high),
76-85 (moderate) and 86—-100 (low or none), allowing assessment of potential threshold
effects. In additional analyses (described below), the total score was used in i) a continuous
format, with a reverse-coded standardized score (higher scores indicate greater symptoms)
to facilitate interpretation, and ii) a dichotomized format, with <60 indicating higher and
>60 lower symptoms following previous work identifying clinically-relevant cutpoints
(Rumpf, Meyer, Hapke, & John, 2001). The MHI-5 has good predictive value for detecting
mood disorders/major depression (Berwick et al., 1991; Cuijpers, van Straten, van Schaik,
& Andersson, 2009). In our analytic sample, internal consistency reliability is high
(a1992=0.82) and scores are fairly stable over the three assessments (ICC=0.53; within-
subject variability=0.12).

Starting in 1996, participants reported whether they used regularly “antidepressants (e.g.,
Elavil, Prozac, Celexa, Paxil)” (yes/no) or received a diagnosis of depression by a physician
(yes/no) since the last biennial questionnaire.

Lung cancer.—Information on new diagnoses of lung cancer were queried on each
biennial questionnaire. For all reported lung cancer diagnoses and deaths due to lung

cancer identified through family members, the National Death Index, or the U.S.

Postal Service, NHS researchers contacted study participants or their families to request
permission to obtain relevant pathology reports and other medical records, with an excellent
confirmation rate (e.g., an estimated 98% of all deaths were captured through the National
Death Index; Rich-Edwards, Corsano, & Stampfer, 1994). Physicians blind to study
hypotheses ascertained cancer diagnosis and mortality cause from medical records and
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death certificates, using the International Classification of Diseases, Eighth Revision (World
Health Organization, 1967).

Smoking.—Cigarette smoking information was collected on biennial questionnaires,
including at study 1992 baseline, via questionnaire-based self-report measures. Similar
measures have shown good ability to distinguish between smokers and non-smokers when
validated with serum cotinine (Vartiainen, Seppala, Lillsunde, & Puska, 2002). Across
models, lifetime pack-years was modeled either a continuous or a categorical variable (never
smoker, 1-10 packs/year, 11-30 packs/year, and =30 packs/year). In our sample, continuous
pack-years was remarkably stable over the follow-up period (ICC=1.00; within-subject
variability=0.10). In stratified analyses (described below), smoking status was defined as
never, former, or current smokers. These categories were also very stable throughout the
study duration (ICC=0.95; within-subject variability=0.22). Given such stability, smoking
variables were not time-updated in analyses unless otherwise noted.

Covariates.—Covariates selected following prior evidence (American Cancer Society,
2020; Brenner, Yannitsos, Farris, Johansson, & Friedenreich, 2016; Schernhammer,
Feskanich, Liang, & Han, 2013; Sun, Li, Li, Li, & Han, 2016; Wang, Yang, Guo, &

Li, 2019) were available at the 1992 baseline unless otherwise stated. Sociodemographics
included age (continuous), husband’s education (as a proxy for adult SES; unmarried
participant, less than high school, high school graduate, college graduate, graduate school),
exposure to secondhand smoke during childhood (queried in 1982 with the item “Did your
parents smoke while you were living with them?’; yes/no), parents’ occupations when
participants was 16 years old (as a proxy for childhood SES; queried in 1976; both parents
dead, farmer, blue collar, white collar), and familial history of lung cancer (queried in 2000;
yes/no).

Other factors encompassed diet quality (queried in 1994), physical activity, and shiftwork
(queried in 1988). To determine diet quality, participants first completed the 131-item Food
Frequency Questionnaire, shown in prior work to have high reproducibility and validity
(Giovannucci et al., 1991; Rimm et al., 1992). Then, a continuous summary score (ranging
from 0 [poor diet] to 110 [optimal diet]) based on the Alternative Healthy Eating Index
was created (McCullough et al., 2002). Physical activity was assessed with a validated self-
administered questionnaire (Chasan-Taber et al., 1996); averaged weekly time of moderate-
to-vigorous physical activity levels was dichotomized into <150min/week versus =150min/
week. Shiftwork was evaluated by the total number of years during which participants
worked rotating night shifts =3 nights/month in addition to days or evenings in that month
(never, 1-14 years, 15-29 years, 230 years).

Statistical Analyses

Statistical analyses were conducted using SAS, 9.4 (SAS Institute, 2011) at a 0.05 p-
level. Descriptive analyses examined the distribution of covariates across 1992 depressive
symptom levels, adjusting for age. Cox proportional hazards models estimated the
association between four-level depressive symptoms and lung cancer risk over the follow-
up period in primary models. Person-years were counted from the 1994 follow-up
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assessment, with participants contributing person-time until death, diagnosis of lung cancer,
or the termination of the follow-up period (2016), whichever came first. Nested models
progressively adjusting for sociodemographic and other factors evaluated the role of each
group of covariates. The first model was stratified by age and time period, and adjusted for
exposure to secondhand smoke in childhood, parents’ occupations when participants were
16, familial history of lung cancer, and husband’s education at study baseline. A second
model further controlled for categorical pack-years of smoking. In the third model, other
factors (diet quality, physical activity, shiftwork) were added to the first model that adjusted
for sociodemographics only. Lastly, the fully-adjusted model accounted for all covariates
simultaneously.

To further disentangle the role of smoking in the association of depressive symptoms with
lung cancer risk, we conducted two additional analyses. First, causal mediation analysis
techniques (Valeri & Vanderweele, 2013; VanderWeele, 2011) were implemented within a
Cox proportional hazard framework to assess mediation by pack-years of cigarette smoking.
From these models, we estimated the natural direct effect of dichotomized depressive
symptoms reported in 1992 on lung cancer risk up to 2016 and the natural indirect effect
mediated through continuous pack-years in 1994 among participants with available pack-
years data (n=42,906). The natural direct and indirect effects were also used to calculate the
proportion of the total effect of that was mediated by pack-years of smoking. Confidence
intervals were calculated for all mediation estimates with standard errors obtained via the
delta method (VanderWeele, 2013). This analysis was also replicated among women who did
not smoke in 1992 (n=37,433) to assure optimal temporality, whereby depressive symptoms
would led to subsequent smoking habits (new or relapse).

Second, we assessed 1992 depressive symptoms in relation to lung cancer risk in Cox
models stratified by 1992 smoking status (never, former, or current smokers) to evaluate
potential effect modification by smoking. Here, we used a continuous measure of depressive
symptoms (per 1-standard deviation [SD] increase) to maximize statistical power. We also
re-ran primary models including an interaction term (continuous depressive symptoms X
categorical smoking status) to determine whether the depressive symptoms-lung cancer
association significantly differed across smoking status. Using sensitivity analyses, we
repeated these models while i) further adjusting for time-updated continuous pack-years

to maximally account for any changes in smoking habits over the follow-up period and ii)
using a Poisson distribution, to account for rare events among never smokers.

To determine if observed effects were robust to alternative methods for classifying
depressive symptoms, two other additional analyses were conducted. First, we examined the
association between chronic exposure to depressive symptoms and subsequent lung cancer
risk by using all MHI-5 assessments (i.e., 1992, 1996, 2000; severe depressive symptoms
on the MHI-5 at no time points, one time point, or two to three time points). Second,

to examine the role of time-updated exposure and alternative depression-related factors

on lung cancer risk, a dichotomized depression status (clinical, non-clinical) was created
based on a Boolean OR operator approach (Luijendijk et al., 2008; Trudel-Fitzgerald, Chen,
Singh, Okereke, & Kubzansky, 2016) that leveraged all available information. Specifically,
“clinical depression” was defined as reporting either 1) depressive symptoms reaching
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clinical significance (dichotomized MHI-5 score at <60); 2) physician-diagnosed depression;
or 3) regular antidepressant use. Exploratory analyses further stratified these time-updated
analyses by smoking status (never, former, or current smokers).

Results

Baseline Characteristics

Over the follow-up period, 42,913 women contributed 763,399 years of person-time, and
1,009 cases of lung cancer were diagnosed. Age-adjusted distribution of covariates are
presented across depressive symptoms levels (Table 1). Approximately 15% of the sample
had severe depressive symptoms. Compared to women with low/no depressive symptoms,
those with severe depressive symptoms were slightly younger and more likely to be
unmarried, as well as to have a familial history of lung cancer, parents with blue collar
occupations, and been exposed to second-hand smoke in childhood. They were also more
likely to report greater lifetime pack-years of smoking, as well as to be current smokers and
less physically active.

Baseline depressive symptoms and lung cancer risk

In primary models (Figure 2; Table 2), participants with severe versus low/no

depressive symptoms had higher lung cancer risk in both sociodemographics-adjusted
(HR=1.62, 95%CI=1.34-1.95) and fully-adjusted (HR=1.25, 95%CI=1.04-1.51) models.
Women with high versus low/no depressive symptoms also had elevated disease risk
(€.9., HRsociodemographics-adjusted=1-30, 95%CI=1.08-1.56), although the estimates were
substantially attenuated in models adjusting for pack-years (e.g., HRyjly-adjusted=1-11,
95%CI1=0.92-1.33). Women reporting moderate depressive symptoms did not have an
increased lung cancer risk throughout follow-up (fully-adjusted p-trend=0.01).

Smoking as a mediator and effect modifier

Mediation analyses suggested the relationship between depressive symptoms and lung
cancer risk was at least partly mediated by lifetime pack-years of smoking (Table 3). While
there was a significant natural direct effect of severe versus low/no depressive symptoms
on disease risk (HRsocjodemographics + other factors=1-24, 95%CI1=1.06-1.45), the natural
indirect effect via smoking was also significant (HRsociodemographics + other factors=1-12,
95%CI1=1.10-1.14). Findings suggested 38% of the total effect of depressive symptoms

on lung cancer risk was mediated by smoking. The mediating effect became smaller

but remained evident when restricting to women who did not smoke in 1992 (models
adjusting for sociodemographics and other factors: HRyjrect effet=1.38, 95%CI=1.12-1.71;
HRindirect effet=1.07, 95%CI1=1.05-1.09; proportion mediated by pack-years in 1994=20%).

When stratifying by smoking status (Figure 2; Supplemental Table 1), each 1-SD increase
in depressive symptoms was associated with a greater lung cancer risk among former
smokers (HRfylly-adjusted=1.19, 95%CI1=1.09-1.30), and a somewhat weaker elevated risk
among current smokers (HRyjly-adjusted=1.06, 95%CI1=0.96-1.16) but confidence intervals
were wider among never smokers (HRfyjiy-adjusted=1.07, 95%CI1=0.89-1.28). However,
the interaction term between smoking status and the continuous depression score was
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not statistically significant (Druily-adjusted modei=0-29), suggesting the association between
depressive symptoms and lung cancer risk did not meaningfully vary by smoking

status. Further adjusting for time-updated continuous pack-years did not alter the results
(interaction term: Pryjly-adjusted mode=0-26) neither did the consideration of a Poisson
distribution (interaction term: pryiiy-adjusted modei=0-14), although the estimates were slightly
attenuated (Supplemental Table 2).

Alternative specifications of depression

When considering the chronicity of depressive symptoms (Figure 2; Supplemental Table

3), participants who reported severe depressive symptoms at 2—3 versus no time points

had a higher lung cancer risk in models adjusted for sociodemographics and other

factors (HRsociodemographics-adjusted=1.32, 95%CI1=1.07-1.64; HRagjusting for other factors=1-25,
95%CI1=1.00-1.55). However, the relationship was substantially attenuated after controlling
for smoking. Similarly, participants with severe depressive symptoms at one time point

had a higher risk of comparable magnitude in models not adjusting for smoking
(HRsociodemographics-adjusted=1-30, 95%CI=1.10-1.52; HRqgjusting for other factors=1-26,
95%CI1=1.07-1.48). Findings from the analysis using a time-updated exposure based on
self-reported depressive symptoms, physician diagnosis, and antidepressant were stronger
than those using the baseline self-reported depressive symptom measure only (Figure 2;
Supplemental Table 3). For instance, time-varying clinical versus non-clinical depression
status was associated with more than two-fold increased risk of lung cancer after statistical
adjustment for sociodemographics, smoking, and other factors (HRfylly-adjusted=2-47,
95%CI1=1.99-3.06). Exploratory analyses further stratifying these models by smoking status
showed current, former, and never smokers all had a statistically or marginally significant
elevated lung cancer risk if they were categorized as having clinical versus non-clinical
depression (Supplemental Table 4), although in some cases the number of lung cases was
small (e.g., n=15 among never smokers who were clinically depressed).

Discussion

To our knowledge, this is the largest study to evaluate the association between depression
and incident lung cancer among women, and the first to thoroughly consider the role of
smoking. Consistent with our hypothesis, greater depressive symptoms were associated,
albeit modestly, with increased risk lung cancer risk over the study period. This effect

was not only robust to alternative specifications of depressive symptoms, but also yielded,
in some cases, stronger estimates than those of the main models (i.e., with time-updated
depression status). Lifetime pack-years of cigarette smoking also partly mediated the
association of depressive symptoms with incident lung cancer, accounting for up to 38%

of the overall effect. Lastly, estimates of depressive symptoms in relation to lung cancer
risk stratified by smoking status (never, former, or current smokers), which were of

smaller magnitude, did not significantly differ in this sample. These findings may appear
inconsistent with prior research that failed to find statistically significant associations
between depression and lung cancer risk after adjusting for SES and lifestyle factors (Gross
et al., 2010; Liang et al., 2011; Penninx et al., 1998). However, our investigation included
substantially more lung cancer cases (n=1,009) and a considerably longer study duration (24
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years), compared to these prior investigations (ns from 56 to 70; Gross et al., 2010; Penninx
et al., 1998) with follow-ups from 6 to 8 years (Liang et al., 2011), which likely enhanced
statistical power to detect existing, albeit modest, associations that may develop over many
years.

Findings from mediation analyses suggested the depression-lung cancer association was
partly mediated by lifetime pack-years of smoking. As smoking explained approximately a
third of the relationship, additional mechanistic pathways are likely at play. Prior research in
animal models supports the plausibility of direct endocrine and neuro-immune pathways
between depression and cancer mediated by processes like immune dysregulation and

DNA damage due to increased oxidative stress (Gidron, Russ, Tissarchondou, & Warner,
2006; Glaser & Kiecolt-Glaser, 2005). Biological factors involved in lung cancer among
humans (e.g., telomere length; Karami et al., 2016) (mitochondrial DNA; Meng et al., 2016)
would also deserve more empirical attention in studies targeting upstream psychological
determinants. In fact, research in the NHS cohort demonstrating an association between
depressive symptoms and higher risk of cancers that are less associated with smoking than
lung cancer (i.e., colorectal and ovarian cancer; Trudel-Fitzgerald, Chen, et al., 2016) lends
support to the presence of direct biological effects of depression that are not mediated

by smoking. Moreover, our study did not find that smoking status was a significant

effect modifier, consistent with prior multivariable results suggesting similar associations

of depression with lung cancer risk among smokers and non-smokers (Gross et al., 2010;
Penninx et al., 1998).

The association observed in the main models was also robust to alternative specifications
of depression. Notably, women who did versus did not reach the depression scale clinical
cutpoint at one or 2—3 time assessments had a similarly significant elevated lung cancer
risk. Such consistency across estimates by chronicity period is aligned with the stability
of depressive symptoms and low within-person variability observed in the current analytic
sample. However, results from these chronicity analyses were no longer significant after
adjusting for pack-years, which further reinforces the role of smoking in the depression-
lung cancer association. Nonetheless, hazard ratios became stronger when a time-updated
exposure combining self-reported depression symptoms, physician-diagnosed, and regular
antidepressant use was considered. It is possible this finding is due to reverse causation,
as the depression assessment occurred closer to lung cancer diagnosis in this analysis and
thus may capture underlying disease processes that affect experience (or report) of mood
symptoms. However, given all analyses were lagged by two years, it may be that defining
depression using multiple sources of information has actually enhanced its predictive value,
therefore contributing to stronger estimates. Lastly, further stratifying these time-updated
analyses by smoking status reiterated that depressive symptoms are modestly associated
with lung cancer risk similarly for current, former, and never smokers.

The current study has several limitations. Firstly, the depression measure may have
captured transient negative affect. However, stability indices obtained from our analytic
sample revealed fairly low variation in depressive symptoms across 8 years. Additional
analyses also indicated that lung cancer risk was comparable for women who experienced
severe depressive symptoms at one versus 2—-3 time assessments. Moreover, antidepressant
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medication may be used for other reasons than depressive symptoms or psychopathologies
comorbid to depression. However, the increased lung cancer risk was observed both

when including or not antidepressant in the exposure, which lowers the likelihood of
misclassification. Depression and anxiety symptoms are also known to be highly comorbid
(Hasin et al., 2018) and both linked to worst health outcomes (Cohen, Edmondson, &
Kronish, 2015; Trudel-Fitzgerald, Chen, et al., 2016); yet, a comprehensive assessment of
anxiety, or other measures of psychopathology, were not available at the study baseline to
tease apart depressive symptoms from other forms of psychological distress.

Secondly, the NHS cohort is restricted to female, predominantly White, nurses. To be
included in the current analytic sample, women also needed to be healthy enough to survive
to the 1992 baseline. Although such homogeneity restraints generalizability of the findings,
it does enhances the study internal validity. Prior research has shown that work-related
factors (e.g., low job control, long shift length) are associated with greater psychological
distress among nurses (National Academies of Sciences Engineering and Medicine, 2019).
Moreover, the prevalence of self-reported severe depressive symptoms in this study was
higher than the one of diagnosed major depression in U.S. adult women (15% versus

8.7% ; National Survey on Drug Use and Health, 2017). While such higher rates in our
sample may facilitate the detection of significant effects, it is unlikely that associations
would be drastically different in a less distressed working population of women, which
somewhat reduces concerns about generalizability. Nonetheless, additional research must
verify whether the observed relationships apply to other populations, particularly different
racial and working subgroups, as well as men.

Thirdly, as with all observational research, unmeasured or residual confounding remains
possible. We controlled for multiple relevant covariates that may be common prior causes
of both depressive symptoms and lung cancer; yet, some measures were somewhat limited
(e.g., a single binary item to assess exposure to secondhand smoke in childhood) whereas
other potential salient confounders may have been omitted (e.g., exposure to secondhand
smoke in adulthood; American Cancer Society, 2020). Although we carefully examined the
role of smoking status and lifetime pack-years in our analyses, residual confounding from
these constructs may also exist. Nonetheless, given the robustness of associations across
models, it is unlikely that unmeasured/residual confounding would substantially change our
conclusions.

The current study also had numerous strengths. A primary advantage was its large sample
size and long follow-up duration, which facilitated the ascertainment of a substantial number
of cases and provided sufficient statistical power to detect existing associations between
depressive symptoms and lung cancer risk. Other methodological assets were a thorough
consideration of the potential roles of smoking, in order to disentangle its confounding,
mediating, and effect modifying influence on the depression-lung cancer association, as well
as alternative conceptualizations of depression, both in terms of types of indicators (self-
reported symptoms, physician diagnosis, and antidepressant use) and chronicity/recentness
of symptoms. Additional strengths of the study included its validation of lung cancer
diagnoses via medical records.

Psychol Med. Author manuscript; available in PMC 2023 October 01.
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In conclusion, this study demonstrates a modest prospective association between greater
depressive symptoms and increased lung cancer risk, beyond statistical adjustment for
sociodemographics, smoking habits, and other relevant factors. This association was
partially mediated by lifetime pack-years and appeared relatively comparable across never,
former, and current smokers. Smoking, however, remains the overwhelming cause of

lung cancer (American Cancer Society, 2020). In the current sample, 87% of all lung

cancer cases were observed among women who were current or former smokers. Thus,
smoking prevention and cessation are the most important targets for lung cancer reduction.
Depression, nevertheless, is a modifiable risk factor that promotes smoking initiation and
interferes with cessation (Cooper et al., 2016; Trudel-Fitzgerald, Tworoger, et al., 2016;
Weinberger et al., 2013), and thus should be prioritized as an upstream contributor to
behavior. Additionally, because smoking mediated partly but not fully the depression-lung
cancer risk association, future research into the potential biological mechanisms for such an
effect is warranted. Although depression may not be the main driver of lung cancer absolute
risk, given the prevalence of this mental disorder the attributable risk at the population

level remains substantial. Altogether, this research points to the necessity of looking beyond
behavioral determinants of disease to evaluate the psychosocial factors that may shape the
distribution of those determinants as well as potentially exert a direct effect on disease risk.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Timeline of exposures, covariates, and outcome assessments throughout the study period.

Note. Variables over the arrow represent the exposures, under the arrow, the covariates, and
on the arrow, the outcome.
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Figure 2. Overview of obtained associations between depression indicatorsand risk of lung
cancer over 24 years

Note. Grey circles represent hazard ratio coefficients; black bars represent 95% confidence
intervals. As detailed in the Methods, “depressive symptoms” were assessed with the MHI-5
self-reported scale whereas “depressive status” was assessed with the report of a clinical
score on the MHI-5 scale, a physician diagnosis of depression, and antidepressant use.

All associations are stratified by age in 1992 and calendar time, and further adjusted for
sociodemographic covariates (i.e., exposure to second-hand smoking during childhood,
parents’ occupations when participant was 16 years old, familial history of lung cancer,

and husband’s education). SD = standard deviation.
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Table 1.

Age-standardized characteristics of women at the 1992 baseline (N=42,913).

L evels of depression symptoms

Page 17

Low or none

Severe (n=6635) High (n=8416) Moderate (n=15,196) (n=12,666)
Age, mean (SD) ¥ 56.7 (7.1) 57.3(7.1) 57.7 (7.0) 59.1 (6.9)
White race, % 98.1 98.2 98.3 98.1
Non-Hispanic ethnicity, % 99.1 99.3 99.3 99.4
Husband’s education level
- (NHS women not currently married), % 10.0 8.3 7.8 7.4
- Less than high school, % 6.5 6.1 5.4 47
- High school degree, % 37.9 36.9 36.5 36.0
- College degree, % 25.3 26.9 27.4 27.3
- Graduate degree, % 20.2 21.9 23.0 24.6
Family history of lung cancer, % 115 10.8 11.0 10.9
Second-hand smoking exposure during childhood, %  70.2 68.8 68.4 66.0
Parents’ occupation
- Both parents are dead, % 0.6 0.5 0.6 0.5
- Farmer, % 6.2 7.1 8.3 9.2
- Blue collar, % 23.6 22.8 21.4 20.6
- White collar, % 69.7 69.6 69.6 69.7
Smoking status
- Never smoker, % 40.7 43.0 46.2 49.6
- Former smoker, % 42.6 42.6 421 39.6
- Current smoker, % 16.7 14.3 11.8 10.8
Lifetime pack-years, mean (SD) 15.5 (20.8) 13.5 (19.4) 12.0 (18.2) 10.9 (17.3)
Diet quality (AHEI score; range: 0-110), mean (SD)  51.4 (10.5) 52.3 (10.3) 53.0 (10.4) 53.7 (10.4)
150min/week or more of physical activity, % 315 36.4 414 44.9
Years of shiftwork
- Never, % 39.8 40.0 40.6 42.2
- 1-14 years, % 53.0 53.2 52.9 51.3
- 15-29 years, % 5.6 5.1 5.1 5.0
- 30 years or more, % 1.6 1.7 15 15

Values are means (SD) or medians (Q25, Q75) for continuous variables; percentages or ns or both for categorical variables, and are standardized to

the age distribution of the study population. Values of polytomous variables may not sum to 100% due to rounding.

*
Value is not age adjusted
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Table 3.

Mediation by smoking status of the association of dichotomized depressive symptoms with lung cancer
incidence (n=42,906; 1009 cases).

Model 1: Sociodemographics Model 2: Model 1 + other factors

HR
Natural direct effect 1.26
Natural indirect effect  1.13

Total effect 1.43

Proportion mediated 39%

(95% Cl)
(1.08-1.48)
(1.11-1.16)

(1.23-1.68)

ok

kA A

ok AA

HR

1.24

112

1.39
38%

(95% Cl)

(1.06-1.45) "

HokAA

(1.10-1.14)

HokAA

(1.19-1.63)

Ak
p< .01

Ak AA

p< 0001,

Page 19

M1.: adjusted for age (continuous); exposure to second-hand smoking during childhood (yes, no [reference]); parents’ occupations when participant

was 16 years old (both parents dead [reference], farmer, blue collar, white collar); familial history of lung cancer (yes, no [reference]); and

husband’s education (participant unmarried [reference], less than high school, high school graduate, college graduate, graduate school)

M2: M1 + diet quality (AHEI score; continuous); physical activity (less than 150min/week of moderate-to-vigorous physical activity [reference],
150min/week or more of moderate-to-vigorous physical activity); years of shiftwork (never [reference], 1-14 years, 15-29 years, 30 years or more)
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