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up, N = 4,378,582). In stage 1 of the IPD meta-analysis, Cox regression models were
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PSYCHOSOCIAL FACTORS AND CANCER

used with age as the timescale. In stage 2, results were pooled in random-effects
meta-analyses.

Results: No psychosocial factors were associated with an increased risk of overall
cancer and with breast, prostate, and colorectal cancers, as well as with cancers with
alcohol as a common potential causal factor. PSS, currently not in a relationship, and
a loss event were associated with an increased risk of lung cancer (hazard ratio [HR],
1.09-1.55). Estimates decreased for PSS and relationship status when adjusting for
several known risk factors, such as a family history of cancer (HR, 1.05-1.08). Similar
findings were observed for relationship status and cancers with tobacco smoking as
a common potential causal factor.

Conclusions: For most types of cancer, psychosocial factors (measured at a single
point in time) were not associated with increased risk. PSS, currently not in a

relationship, and loss were associated with an increased risk of lung cancer, although

KEYWORDS

INTRODUCTION

Psychosocial factors have been theorized to increase the risk for
cancer.! This resounds with beliefs among patients with cancer, given
that many attribute their diagnosis to psychosocial problems and
stress.2™* Although several studies have found an association be-
tween psychosocial factors, including perceived social support,>®
bereavement,”® relationship status,” neuroticism,’® and general
distress,'* and the incidence of certain cancers, results from meta-
analyses to date are mixed. One meta-analysis has suggested that a
stress-prone personality or poor coping style and emotional distress
or poor quality of life contribute to cancer incidence, whereas factors
relating to poor social support and life stress exposure do not.?
Further meta-analyses found an association between specifically
striking life events (e.g., death of a close relative or divorce®® or death
of a spouse®®) and breast cancer. In contrast, another meta-analysis
suggested that the intensity of the stress, or stress caused specif-
ically by widowhood or divorce, was not associated with an increased
breast cancer risk.'> Conclusions appear to depend on the cancer
type and on which psychosocial factors are considered. Furthermore,
the studies included within these meta-analyses vary in their
potentially crucial methodological choices. For example, some
included case-control studies, and not all included studies where
analyses adjusted for age or smoking.

Individual-participant data (IPD) meta-analyses can offer more
reliable results than traditional meta-analyses because of increased
consistency between the included studies in both the conceptualiza-
tion of constructs and the analyses conducted.'® Given the harmony in
conceptualizations and methodologies, the interpretation of pooled
effects is more straightforward. One IPD meta-analysis of prospective

cohorts?” concluded that personality traits (e.g., neuroticism) were not

most effects attenuated when adjusting for several known risk factors.

cancer incidence, loss, neuroticism, prospective, relationship, social support, stress

related to increased cancer risk. In our previous IPD meta-analysis of
prospective cohorts, depression and anxiety were associated with an
increased risk for lung cancer and cancers with tobacco smoking as a
common potential risk factor when adjusting for sociodemographic
covariates but not when additionally adjusting for several known risk
factors such as smoking.18 As such, in the IPD meta-analyses, the link
between psychosocial variables and cancer risk is less convincing than
in more traditional meta-analyses.

The aim of the present study was to test the association between
several psychosocial factors and cancer incidence. On the basis of
current evidence, we hypothesized that depression, anxiety,
perceived low social support, and recent loss are associated with an
increased risk for cancer. Our findings regarding depression and
anxiety have been previously reported.!® In the current article, we
focus on perceived social support and recent loss. We additionally
explored the role of general distress, neuroticism, and relationship
status because their associations with cancer remain somewhat un-
clear. Overall cancer as an outcome was studied, as well as the
following cancer subtypes: breast, lung, prostate, and colorectal; and
two groups of cancers based on common potential risk factors:
smoking-related cancers and alcohol-related cancers.

MATERIALS AND METHODS
Design

The present study used data from the Psychosocial Factors and Cancer
Incidence (PSY-CA) consortium.'? PSY-CA uses two-stage |PD meta-
analyses of prospective studies to investigate whether psychosocial

factors are associated with anincreased risk for cancer. Preregistration
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for PSY-CA in PROSPERO can be found at https://www.crd.york.ac.
uk/prospero/display_record.php?RecordID=157677, https://www.
crd.york.ac.uk/prospero/display_record.php?RecordID=181623,
and https://www.crd.york.ac.uk/prospero/display_record.php?Reco
rdID=193716.

Cohorts

Twenty-two existing (sub)cohorts were included who met the
following inclusion criteria: (1) a valid and reliable measure of
depression, general distress, hopelessness, neuroticism, anxiety,
recent loss, objective social support, or perceived social support
(these psychosocial variables were selected after the outcome of an
[unpublished] scoping review before PSY-CA; they were selected
because previous research had found some [albeit not conclusive]
evidence of an association with cancer risk); (2) (access to) an
objective measure of cancer diagnosis during follow-up; (3) a mea-
sure of smoking behavior, alcohol use, sex, and age; and (4) a pro-
spective design. After the initial inclusion of the cohorts, relationship
status was considered a proxy for objective social support because
too few cohorts measured objective social support reliably. Hope-
lessness was not further examined within PSY-CA because this
construct was not measured in the majority of cohorts. Results
regarding anxiety, depression, and the association with cancer risk
are reported elsewhere.’® To make the analyses across cohorts
comparable, data were harmonized on the basis of Maelstrom
guidelines.?° For cohort profile references, see Supplementary Ma-
terials 1.

Participants

Participants with a history of cancer at baseline (excluding non-
melanoma skin cancer) were excluded from the analyses. Those
diagnosed with any cancer within 1 year from baseline were also
excluded to reduce the likelihood of reverse causality.

Measures
Cancer

Information about cancer diagnoses (site, morphology, and diagnosis
data) was provided by country/province-specific cancer registries.
For CARTaGENE and the three subcohorts from the Rotterdam
Study, information from registries was supplemented with informa-
tion from hospital visits, insurance claims, or general practitioner
records.

For participants with multiple tumors/diagnoses, the first ma-

lignant tumor, carcinoma in situ, or tumor with uncertain malignancy

(i.e., borderline) was considered the cancer incidence of interest.
Subsequent diagnoses were not included in the analyses. Analyses
included overall cancers (i.e., all sites together) and breast, lung,
prostate, colorectal, and smoking- and alcohol-related cancers
(Table 1). Note that the latter groups included both nonsmokers and
those who do not consume alcohol, respectively, and are grouped by
a common potential risk factor that may not be sufficiently addressed
with the pack-year and current alcohol covariates included in the
maximally adjusted model (residual confounding).

Psychosocial factors

Psychosocial variables were measured at baseline. The availability of
psychosocial variables per cohort is conveyed in Table 2 (information
about the specific questionnaires harmonized can be found in Sup-
plementary Materials 2) but note that they may have been excluded
from the final analysis if the number of expected cases was too small
(see the Data Analysis section). The psychosocial variables include

the following.

Recent loss

A measure of the loss of immediate family members in the last 12
months from baseline was available in 10 cohorts (0 = no loss;
1 = recent loss). Note that “recent” does not refer to the cancer

diagnosis but rather to the moment of inclusion in the study.

Perceived social support

Validated questionnaires for perceived social support, or question-
naires used in previously peer-reviewed articles, were considered
acceptable. Data on perceived social support were available in 12
cohorts. Total scores were converted to z scores within each cohort,
with higher scores indicating perceived lower social support. The
various questionnaires used have been reported previously.??

Neuroticism

Neuroticism subscales from any version of the NEO Personality In-
ventory,?® Eysenck Personality Questionnaire,>* or Dutch Personal-
ity Questionnaire were included.?®> These data were available in five
cohorts. Total scores were converted to z scores within each cohort,

with higher scores indicating more neuroticism.

General distress

Because of the potentially broad interpretation of general distress,
we focused on one specific measure, the Mental Health Index of the
36-item Short-Form Health Survey or RAND 36,%° or abbreviated
versions of it. This measure was available in eight cohorts. In one
cohort (Dutch Occupational and Environmental Health Cohort Study
[AMIGQ]), a four-item version was used. Total scores were con-
verted to z scores, with higher scores indicating more general

distress.
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TABLE 1 Overview of cancer sites considered to be smoking related and/or alcohol related.

Alcohol-related cancer sites (ICD-10

Both smoking- and alcohol-related cancer sites (ICD-10 code) Smoking-related cancer sites (ICD-10 code) code)

Tongue (C01)
Other and unspecified parts of the tongue (C02)
Gum (C03)

Floor of mouth (C04)

Palate (CO5)

Other and unspecified parts of the mouth (C06)
Tonsil (C09)

Oropharynx (C10)

Piriform sinus (C12)

Hypopharynx (C13)

Other and ill-defined sites in the lip, oral cavity, and
pharynx (C14)

Esophagus (C15)

Colorectal (C19-C20)

Liver and intrahepatic bile ducts (C22)
Larynx (C32)

Nasopharynx (C11)

Ovary (C56)
Kidney (C64)

Ureter (C66)

Breast (C50)

Stomach (C16)
Pancreas (C25)

Nasal cavity (C30, excluding C30.1
[middle ear])

Accessory sinuses (C31)
Bronchus and lung (C34)

Cervix uteri (C53)

Renal pelvis (C65)

Bladder (C67)

Myeloid leukemia (C92)

Note: Reprinted with permission from van Tuijl et al.'%; because the reference provided in this source is no longer available, we redirect the reader to
Wild et al.2* for justification for which cancers were included within each group.

Abbreviation: ICD-10, International Classification of Diseases, Tenth Revision.

Relationship status
Relationship status was available in all 22 cohorts. Response options
varied between cohorts, and were recoded to distinguish between
any sort of relationship (e.g., married or long-distance relationship;
coded 0) and currently not in a relationship (e.g., single, widowed, or
divorced; coded 1).

Covariates

The two models tested on the basis of the covariates were the

following.

1. Minimally adjusted models: we adjusted for birth vyear
(age-period-cohort effects), sex, country of birth, and education
level. These covariates were available in all cohorts.

2. Maximally adjusted models: we further adjusted for a number of
health-related covariates depending on cancer outcome and
availability within the cohort. This included body mass index,
pack-years, weekly alcohol intake, and family history of cancer. If
more than 40% of covariate data was missing in a cohort, the
covariate was not included. A full overview of the covariates in
the maximally adjusted models per cohort is given in Supple-
mentary Materials 3. Extreme values for continuous covariates
were truncated to three times the interquartile range above the

third quartile or below the first quartile.

Data analysis
Stage 1

Cox regression models were fitted for each psychosocial variable in
each cohort by cancer outcome by the minimally or maximally
adjusted models. Analyses were run on participants with complete
data only. Because the risk for cancer increases (nonlinearly) with
age,?” we used attained age as the time axis, given that this allows for
nonparametric control for age.?® In all models, age at baseline was
the entry age and age at diagnosis, death, or dropout/study end was
the exit age. Note that this means that all deaths were likely to be
non-cancer related because the age at death is only relevant if no
cancer diagnosis has been determined beforehand (if so, then the age
at cancer diagnosis is the exit age of interest). R scripts were pro-
vided by the coordinating team to run the analyses over the
harmonized data set of each cohort. Beta coefficients and robust

standard errors were used for stage 2.

Stage 2

For each psychosocial variable by cancer outcome by minimally or
maximally adjusted model, a random-effects meta-analysis was con-
ducted. When there was only one cohort, we report the output from

that cohort. A restricted maximum likelihood method was used to
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TABLE 2 Cohort descriptions.
Higher Not in a
Patients, Age, Female, education, Smoking, Alcohol, mean (SD), BMI, Recent relationship, Psychosocial

Cohort No. mean (SD) % % % drinks per week mean (SD) loss, % % factors

ALSPAC 11,172 27.6 (5.0) 100.0 17.6 34.5° 2.9 (3.2 22.9 (3.6)* 0.3 3 RL, PSS, ReSt

AMIGO 13,834 50.8 (9.3) 55.0 38.1 17.0 7.0(7.5) 260(4.4) 6 17 RL, GD, ReSt

Atlantic 2141 50.2 (8.8) 67.3 38.1 13.3 3.4 (5.3) 30.3 (47) — 17 ReSt

PATH

CARTaGENE 32,253 52.9 (7.8) 53.3 57.1 17.5 5.3(7.5) 275 (55) -— 31 PSS, ReSt

ELSA 9446  63.5(10.8) 55.2 12.7 18.1 3.2 (5.0 - - 28 PSS, ReSt

EPIC- 19,269 425 (11.2) 53.6 24.0 36.4 8.4 (11.3) 254 (3.9) -— 35 PSS, GD,

MORGEN ReSt

EPIC- 15,629 57.6 (6.0) 100.0 16.0 22.3 4.8 (6.3) 260 (41) — 23 ReSt

Prospect

HELIUS 19,139 447 (13.2) 56.8 26.2 24.2 3.2 (6.6) 27.1(52) 10 39 RL, PSS, Ne,
ReSt

HUNT 2 58,989 495 (17.1) 529 20.1 29.3 1.6 (2.1) 263 (41) — 40 ReSt

HUNT 3 12,282 39.1(14.5) 530 39.5 22.9 2.5(2.8) 265 (46) 8 61 RL, PSS, Ne,
ReSt

LASA 3546 67.9 (9.1) 48.8 17.2 255 9.0(11.1) 270 (4.2) — 29 PSS, Ne, ReSt

Lifelines 143,565 44.8 (13.0) 584 30.0 21.2 5.3 (6.4) 260(43) 9 15 RL, GD, Ne,
ReSt

NESDA 2296 417 (13.1) 65.5 35.8 37.0 7.7 (9.9) 25.6 (4.9) 2 31 RL, PSS, Ne,
ReSt

OHS 47,871 497 (14.3) 627 77.8 104 4.2 (6.3) 26.8 (5.5) — 32 ReSt

OMEGA Il 7601 47.2 (4.5) 100.0 34.7 18.7 3.1(4.5) 252 (45) -— 10 GD, ReSt

RS 1 2745 75.7 (6.4) 614 10.8 134 7.4 (9.3 27541 3 41 RL, PSS, ReSt

RS 2 1965 67.9 (7.3) 56.7 17.0 16.5 8.7 (10.4) 27.9 (4.1) 3 29 RL, PSS, ReSt

RS 3 2967 56.7 (6.9) 55.9 26.7 28.3 6.0 (6.1) 27.7 (45) 2 21 RL, PSS, ReSt

UCC- 1814 64.8 (10.0) 24.7 26.5 18.2 7.4 (8.0) 27.6 (42) -— 16 GD, ReSt

SMART-2

UHP 1 4397 38.7 (12.1) 552 38.0 24.2 6.6 (9.0) 254 (4.2) -— 11 GD, ReSt

UHP 2 2746 39.1(11.7) 54.0 56.3 17.0 6.4 (8.1) 251(41) 6 13 RL, GD, ReSt

Whitehall 1l 6132 61.0 (6.0) 28.9 354 11.7 11.9 (12.7) 267 (4.3) — 24 GD, PSS,
ReSt

Note: Adapted with permission from Basten et al.?? Missing responses in covariates could lead to different values in the final models. The prevalence of

depression and anxiety was based on those with an assessment.

Abbreviations: ALSPAC, Avon Longitudinal Study of Parents and Children; AMIGO, Dutch Occupational and Environmental Health Cohort Study;
Atlantic PATH, Atlantic Partnership for Tomorrow’s Health; BMI, body mass index; ELSA, English Longitudinal Study of Ageing; EPIC, European
Prospective Investigation Into Cancer and Nutrition; GD, general distress; HELIUS, Healthy Life in an Urban Setting; HUNT, Tregndelag Health Study;
LASA, Longitudinal Aging Study Amsterdam; Ne, neuroticism; NESDA, Netherlands Study of Depression and Anxiety; OHS, Ontario Health Study;
OMEGA, OvariuMstimulatie En Gynaecologische Aandoeningen; PSS, perceived social support; ReSt, relationship status; RL, recent loss; RS, Rotterdam
Study; UCC-SMART-2, Utrecht Cardiovascular Cohort-Second Manifestations of Arterial Disease; UHP, Utrecht Health Project.

3Self-reported smoking/alcohol use/BMI before pregnancy.

estimate T2 Furthermore, the Hartung-Knapp-Sidik-Jonkman
approach was used to adjust test statistics and confidence intervals
for the pooled effect. We examined 12, Cochrane Q, and I? in each
meta-analysis for heterogeneity across cohorts but because the in-

ferences from all three were comparable, we report only I2.

The number of cohorts included in each meta-analysis for a given
psychosocial variable could vary across the cancer outcomes. For
each meta-analysis, we included output from models (at stage 1) with
at least 10 cancer events. Furthermore, for categorical psychosocial

variables, output from models was included with at least five
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6 of 15 | PSYCHOSOCIAL FACTORS AND CANCER
expected events (cancer incidences) in the smallest category of the effects and I when rerunning the meta-analysis several (k) times and
psychosocial variable (on the basis of the observed cohort-specific leaving out each cohort in turn. When there was substantial hetero-
cancer incidence; see Table 3 footnotes). geneity (2 > 50%), influential cohorts were identified with the R

Leave-one-out analyses were conducted across all models to package Meta?’ on the basis of the criteria outlined by Viechtbauer and
identify potential influential cohorts. We report the range of pooled Cheung®® and by considering the change in I? as reported in the range.

TABLE 3 Follow-up duration and cancer incidence per cohort.

Follow-up time Cancer incidence (frequency)
Total Age at cancer Smoking- Alcohol-

Maximum years person- diagnosis, Overall Breast Lung Prostate Colorectal related related
Cohort of follow-up years mean (SD) cancer cancer cancer cancer cancer cancers cancers
ALSPAC 24 245476  47.8 (4.8) 337° 154> g° - 8° 4020 176°
AMIGO 6 68,452 59.3 (7.8) 380 85 28> a6® 40° 129 142
Atlantic 10 13,327 57.7 (9.3) 67 18? 5¢ 7¢ 7° 22° 26
PATH
CARTaGENE 10 238,083  60.6 (8.1) 3883 528 394 428 297 1340 1041
ELSA 16 108,830  73.2 (9.3) 2073 192 174 254 207 722 477
EPIC- 22 346,651  61.4(9.8) 2441 455 220 290 313 961 853
MORGEN
EPIC- 22 266,502  69.5 (7.6) 3282 984 234 - 442 1177 1501
Prospect
HELIUS 9 101,535  58.5 (10.0) 422 80 31> 53 32° 143 125
HUNT 2 24 1,118,999 69.5 (12.4) 9819 1128 845 1717 1443 3992 2814
HUNT 3 13 133,172 61.6 (14.4) 591 94 42° 105 66 202 177
LASA 26 39,064 75.9 (8.4) 878 80 106 101 111 423 236
Lifelines 13 1,089,230 58.7 (11.5) 5705 1376 280 507 554 1591 2107
NESDA 15 29,560 59.4 (10.4) 223 35° 19° 10*P 20° 85° 63°
OHS 10 339,999 633 (11.2) 2315 445 119 421 166 769 685
OMEGA Il 9 48,605 52.1 (4.4) 338 145 107 - 10° 42° 156
RS 1 13 24,281 81.1 (6.1) 497 46P 85° 53° 79° 300 152
RS 2 13 17,265 73.3(7.2) 288 46° 37°  s56° 35° 135° 96°
RS 3 9 21,464 64.1 (7.6) 183 34° 18° 20° 26° 89° 76°
ucc- 12 9666 72.9 (8.4) 207 4° 227 25° 207 86 39
SMART-2
UHP 1 19 58,746 57.8 (13.8) 278 61 18  29° 392 96 98
UHP 2 16 21,585 58.1 (13.2) 105 28 ¢° 112P 6° 3120 37°
Whitehall Il 13 64,694 69.4 (6.4) 1007 81 33 245 102 276 215
Total - 4,378,582 — 35319 6099 2734 4378 4023 12,651 11,292

Note: Missing responses in covariates could lead to a smaller number of cohorts included in the final models, or to fewer incidences/person-years in the
final models (see Supplementary Materials 4 for final figures). Numbers are based on the maximum values observed in the minimally and maximally
adjusted models for the psychosocial variables examined in this article.

Abbreviations: ALSPAC, Avon Longitudinal Study of Parents and Children; AMIGO, Dutch Occupational and Environmental Health Cohort Study;
Atlantic PATH, Atlantic Partnership for Tomorrow’s Health; ELSA, English Longitudinal Study of Ageing; EPIC, European Prospective Investigation Into
Cancer and Nutrition; HELIUS, Healthy Life in an Urban Setting; HUNT, Trgndelag Health Study; LASA, Longitudinal Aging Study Amsterdam; NESDA,
Netherlands Study of Depression and Anxiety; OHS, Ontario Health Study; RS, Rotterdam Study; UCC-SMART-2, Utrecht Cardiovascular
Cohort-Second Manifestations of Arterial Disease; UHP, Utrecht Health Project.

*There were fewer than five expected cases in those not currently in a relationship, and thus were excluded from analyses regarding relationship status.
PThere were fewer than five expected cases in those with a recent loss event, and thus were excluded from analyses regarding recent loss.
“Excluded from all analyses involving this cancer type because of fewer than 10 incidences in the cohort.
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Additional analyses

Several exploratory analyses were conducted to provide further
interpretation and test the robustness of our findings. First, to
explore previous observed effects of follow-up duration (e.g., 30
years), analyses were rerun when capping the follow-up duration to
two cutoff points: 10 and 15 years. Second, main analyses were
rerun in which carcinoma in situ or borderline tumors were not
considered a cancer event and were censored at the time of diag-
nosis. Third, the minimally adjusted models were rerun with the
sample for the corresponding maximally adjusted model to test
whether change in effects from the minimally adjusted to the
maximally adjusted models could be explained by sample size
reduction due to missing values of covariates. Finally, analyses were
repeated within males and females separately, given that previous
studies have indicated that there could be a difference.3! We tested
whether sex modified the effects of the psychosocial variables on
the basis of the relative excess risk due to interaction, a measure for

additive interaction.

Changes from the protocol®?

We do not report findings from the univariable models (i.e., psy-
chosocial variables only) because conclusions from the univariable
models were very similar to those of the minimally adjusted
models. We could not perform our planned subgroup analysis

related to cancer stage at diagnosis because too few cohorts had

sufficient information. Follow-up at 20 years could not be analyzed
because of too few cohorts. Finally, we added new criteria as to
which cohorts to include at stage 2 on the basis of the expected
number of cases (see the first paragraph of the Stage 2 section)
because models with few cancer incidences often failed to
converge.

RESULTS

Cohort-level descriptives are presented in Table 2, and cohort-level
information about follow-up, including the number of incident can-
cer cases, is presented in Table 3. Results from the meta-analyses
indicated that a recent loss (Figure 1), perceived low social support
(Figure 2), and not being in a relationship (Figure 3) were associated
with an increased risk for lung cancer in the minimally adjusted
models (recent loss results were based on one cohort, Lifelines). For
perceived social support and relationship status, the pooled effect
attenuated or disappeared in the maximally adjusted model, which
indicated no association with lung cancer. There was an association
between not being in a relationship and the incidence of smoking-
related cancers in both the minimally and maximally adjusted
models. There were no associations between perceived social sup-
port, recent loss, and relationship status and the other cancers
considered, nor were there associations between neuroticism
(Figure 4), general distress (Figure 5), and cancer risk. Forest plots
including cohort-level effect estimates within each meta-analysis can

be viewed in Supplementary Materials 4.

Cancer k Person-years (events) ' Pooled HR [95% CI] I Range HRs Range I’
A1l '

min. 9 1,466,966 (8209) \I." 1.10 [0.98-1.25] 5 1.03-1.17 0-17

max. 9 1,214,688 (6878) ':.' 1.04 [0.94-1.15] 0 1.02-1.13 0-0
Breast .

min. 4 780,655 (1593) "I._‘ 1.04 [0.84-1.29] 0 0.89-1.06 0-10

max. 4 482,474 (1017) ’—’—‘ 0.99 [0.76-1.30] 0 0.69-1.02 0-0
Lung :

min. 1 1,054,807 (270) :’—.—‘ 1.55 [1.14-2.09] na na na

max. 1 875,295 (219) :F——.———ﬂ 1.56 [1.11-2.19] na na na
Prostate E

min. 3 543,708 (655) ’_1-.—‘ 1.16 [0.46-2.95] 59 0.94-1.44 0-79

max. 3 420,034 (508) : \ 4 1.22 [0.46-3.29] 59 0.97-1.61 0-77
Colorectal :

min. 2 1,186,503 (603) h—.L——q 0.89 [0.53-1.50] 0 na na

max. 2 913,899 (481) v—.:—c 0.91 [0.40-2.09] 0 na na
Smoking-related E

min. 5 1,378,002 (2302) v:—.—c 1.23 [0.94-1.61] 32 1.10-1.36 0-49

max. 5 1,138,721 (1918) p—:.—c 1.11 [0.91-1.36] 0 1.06-1.26 0-11
Alcohol-related .

min. 5 1,378,002 (2633) ;I.q 1.03 [0.93-1.14] 0 0.97-1.04 0-0

max. 5 1,138,721 (2255) p-:.-| 1.01 [0.88-1.16] 0 0.89-1.03 0-0

1?0 30

FIGURE 1 The association between a recent loss of immediate family members and cancer incidence at follow-up. Error bars represent
the 95% confidence interval around the pooled effect. HR indicates hazard ratio; max., maximally adjusted (additionally adjusting for health-
related covariates and other potential risk factors); min., minimally adjusted (demographic variables); na, not applicable (too few cohorts [<3]

to calculate).
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Cancer
All
min.
max.

Breast

max.
Prostate

min.

max.
Colorectal

min.

max.
Smoking-related

min.

max.
Alcohol-related

min.

max.

12
12

12
12

11
10

11
11

11
11

12
12

12
12

Person-years (events)

1,281,252
1,072,363

787,123
607,530

1,059,330
870,689

494,129
414,712

1,059,330
873,694

1,281,252
1,072,363

1,281,252
1,072,363

(12256)
(10519)

(1763)
(1365)

(1109)

(915)

(1547)
(1351)

(1223)

(1023)

(4491)
(3809)

(3517)
(2981)

Pooled HR [95% CI] I

1.
0.

[

-

{

[

-

i

00
99

.00
.03

.09
.05

.99
.01

.00
.99

.04
.02

.02
.01

[o.
[0.

[0.
[o.

[1.
[1.

[o.
[o0.

[o0.
[o.

[1.
[0.

[o0.
[o.

96-1.
96-1.

9il=1l
86-1.

04-1.
00-1.

94-1.
95-1.

96-1.
93=1

00-1
99-1.

98-1.
98-1

04]
02]

10]
23]

15]
11]

05]
071

05]

.05]

.071

06]

06]

.04]

53
24

48
71

13
10

Range HRs

.99-1.
- 98=1l

.98-1.
.00-1.

.09-1.
.04-1.

o OF=1l ¢
.00-1.

.99-1.
o O7=il ¢

c03=1l
.02-1.

.01-1.
- 98=1l

o1
00

03
06

10
07

01
03

01
00

04
03

03
02

Range I?

35-58
0-31

37-53
8-73

0-0
0-0

0-22
0-18

0-0
0-0

10-30
0-0

0-3
0-0

FIGURE 2 The association between perceived (low) social support and cancer incidence at follow-up. Error bars represent the 95%
confidence interval around the pooled effect. HR indicates hazard ratio; max., maximally adjusted (additionally adjusting for health-related

covariates and other potential risk factors); min., minimally adjusted (demographic variables).

Cancer k Person-years (events) , Pooled HR [95% CI] I Range HRs Range I?
all '
1
min. 22 4,101,523 (33983) He 1.02 [0.97-1.07] 42 1.01-1.04 30-44
1
max. 22 3,203,926 (26877) *ﬁ* 0.98 [0.94-1.03] 27 0.97-1.01 14-30
Breast
min 19 2,502,822 (5724) —— 1.01 [0.93-1.10] 29 0.98-1.03 17-32
max 19 1,684,827 (4001) *—q—* 0.98 [0.90-1.06] 0 0.94-0.99 0-4
Lung :
1
min 16 3,705,608 (2622) 1 ——@— 1.35 [1.17-1.55] 34 1.30-1.38 19-39
1
max. 15 2,866,612 (2004) F—r—.———* 1.08 [0.94-1.24] 29 1.04-1.10 11-34
Prostate
min. 14 1,518,235 (4169) ‘P1 0.93 [0.87-1.00] 0 0.91-0.94 0-0
max. 14 1,136,380 (3149) ‘h+ 0.93 [0.86-1.01] 0 0.90-0.95 0-0
Colorectal
min. 16 3,705,608 (3806) PL—‘———# 1.08 [0.95-1.24] 42 1.03-1.12 24-45
1
max. 16 2,763,498 (2799) ——— 1.08 [0.93-1.25] 38 1.02-1.12 25-42
1
Smoking-related
min. 18 3,772,530 (12169) : ——i 1.15 [1.09-1.22] 27 1.14-1.18 11-31
max. 18 2,941,614 (9466) :h‘—q 1.07 [1.01-1.13] 18 1.06-1.08 5-22
Alcohol-related
min. 22 4,101,523 (10782) L._q 1.06 [1.00-1.14] 37 1.05-1.08 21-40
1
max. 22 3,203,926 (8649) e 1.05 [0.98-1.12] 32 1.03-1.07 17-35
1
: T 1
1.0 1.2 1.4 1.6

FIGURE 3 The association between not being in a relationship (e.g., single, divorced, or widowed) and cancer incidence at follow-up. Error
bars represent the 95% confidence interval around the pooled effect. HR indicates hazard ratio; max., maximally adjusted (additionally
adjusting for health-related covariates and other potential risk factors); min., minimally adjusted (demographic variables).

Additional analyses

There were no clear patterns of differences in pooled effects be-
tween 5-, 10-, and 15-year follow-up (Supplementary Materials 5).
One exception was perceived social support and lung cancer inci-
dence, with a decreasing effect size with longer follow-up (albeit only
statistically significant at the 10- and 15-year follow-up, likely due to

statistical power [e.g., more cancer incidences]). Analyses excluding
carcinomas in situ and borderline tumors did not change the main
results (Supplementary Materials 6). Furthermore, effect estimates of
the minimally adjusted models did not change when replicated in
samples with complete data on all covariates, which suggested that
attenuated associations in the maximally adjusted models were not
due to smaller sample sizes (Supplementary Materials 7). For most of
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Cancer k Person-years (events) ' Pooled HR [95% CI] T Range HRs Range I?
all g
min. 5 525,952 (2867) ""‘ 1.00 [0.95-1.04] 0 0.99-1.00 0-1
max. 5 478,344 (2600) ".E" 0.98 [0.93-1.02] 0 0.97-0.99 0-0
Breast .
min. 5 303,290 (533) ’_.':_‘ 0.96 [0.83-1.11] 23 0.91-1.00 0-40
max. 5 241,784 (408) -—— 0.92 [0.75-1.13] 35 0.86-0.97 8-50
Lung h
min. 5 525,952 (201) ———®————  1.06 [0.80-1.40] 47 1.00-1.17 0-60
max. 5 478,344 (184) 4—.:—' 0.98 [0.76-1.27] 24 0.95-1.09 0-43
Prostate E
min. 5 222,662 (302) '—:—.—‘ 1.05 [0.96-1.15] 0 1.01-1.08 0-0
max. 5 200,394 (271) D:—.—! 1.07 [0.96-1.18] 0 1.03-1.09 0-0
Colorectal :
min. 5 525,952 (296) D—.-:—! 0.96 [0.81-1.15] 0 0.93-1.01 0-24
max. 5 462,208 (253) 4—0-:—1 0.97 [0.75-1.25] 33 0.92-1.02 0-50
Smoking-related E
min. 5 525,952 (979) p—’—c 1.01 [0.86-1.18] 60 0.97-1.04 44-67
max. 5 478,344 (880) p—d—c 0.99 [0.82-1.19] 60 0.95-1.02 44-70
Alcohol-related i
min. 5 525,952 (923) |—..:_q 0.97 [0.84-1.11] 44 0.94-1.00 30-55
max. 5 478,344 (822) >_._E_. 0.95 [0.80-1.11] 48 0.92-0.98 36-55
:

FIGURE 4 The association between neuroticism and cancer incidence at follow-up. Error bars represent the 95% confidence interval
around the pooled effect. HR indicates hazard ratio; max., maximally adjusted (additionally adjusting for health-related covariates and other
potential risk factors); min., minimally adjusted (demographic variables).

Cancer k Person-years (events) | Pooled HR [95% CI] I Range HRs Range I?
a1l :
min. 8 1,554,669 (9232) '_‘I" 0.99 [0.94-1.03] 46 0.98-1.01 0-53
max. 8 1,301,895 (7894) '_.i" 0.98 [0.93-1.02] 33 0.97-0.99 0-42
Breast X
min. 7 892,107 (2043) ':'._' 1.04 [0.99-1.09] 0 1.01-1.05 0-0
max. 7 581,336 (1401) ':_._' 1.04 [0.99-1.009] 0 1.02-1.05 0-0
Lung :
min. 6 1,487,615 (478) '—:—0—1 1.14 [0.95-1.37] 38 1.10-1.19 21-51
max. 6 1,250,798 (405) I—IO—i 1.01 [0.81-1.25] 46 0.96-1.06 21-57
Prostate E
min. 7 660,644 (1009) '—q—i 0.99 [0.89-1.11] 30 0.94-1.02 0-42
max. 6 529,714 (8438) |—:Q—| 1.02 [0.86-1.20] 49 0.98-1.06 25-59
Colorectal :
min. 7 1,533,289 (910) I—.—:—i 0.94 [0.85-1.03] 27 0.88-0.95 0-39
max. 6 1,209,193 (763) i—.—:—i 0.93 [0.80-1.07] 37 0.88-0.97 0-50
Smoking-related E
min. 8 1,554,669 (2713) |—P—| 1.01 [0.96-1.05] 0 1.00-1.01 0-2
max. 8 1,301,895 (2317) |—.—i 0.96 [0.91-1.00] 0 0.94-0.96 0-0
Alcohol-related :
min. 8 1,554,669 (3263) ..:.4 1.02 [0.98-1.06] 11 0.99-1.02 0-22
max. 8 1,301,895 (2806) |-:.—| 1.01 [0.97-1.06] 9 0.99-1.02 0-22
1
T

FIGURE 5 The association between general distress and cancer incidence at follow-up. Error bars represent the 95% confidence interval
around the pooled effect. HR indicates hazard ratio; max., maximally adjusted (additionally adjusting for health-related covariates and other
potential risk factors); min., minimally adjusted (demographic variables).
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the psychosocial factors and cancer outcomes, there was no consis-
tent pattern of sex differences (Supplementary Materials 8). General
distress appeared to be associated with increased colorectal cancer
and alcohol-related cancer risk in females and decreased overall
cancer risk in males; however, these associations only remained
significant in the maximally adjusted model for alcohol-related can-
cers. Ranges in hazard ratios and 12 (shown in all figures) after leave-
one-out analyses convey relative consistency in effects and between-
study heterogeneity when excluding each cohort from the analyses in
turn. Furthermore, where 12 is >50%, conclusions did not differ when

excluding potentially influential studies.

DISCUSSION

Results from the IPD meta-analyses, including data from up to 22
cohorts, indicate that for overall cancer and for most types of cancer,
a single measurement of perceived social support, recent loss of an
immediate family member, relationship status, neuroticism, and
general distress was not associated with an increased risk of inci-
dence. Only lung cancer results were relatively consistent, albeit with
small effects, in showing that perceived low social support, recent
loss, and not being in a relationship were associated with an
increased risk for lung cancer; for perceived social support and
relationship status this effect was even smaller when adjusting for
several health behaviors. For recent loss, which was based on one
cohort (Lifelines), the effect did not attenuate after adjustment for
other known risk factors. Furthermore, in exploratory analyses,
relationship status was associated with an increased risk for
smoking-related cancers, and although the effect was smaller when
adjusting for several known risk factors, it remained statistically
significant. Conclusions were relatively robust across cohorts (based
on between-study heterogeneity in the main analysis and the leave-
one-out analyses), and similar between males and females.

Our findings suggest that the support for an association between
psychosocial factors and cancer incidence is weak at best, and
restricted mostly to lung cancer. When adjusting for health behaviors
and other risk factors, the conclusion remained consistent. This aligns

1718 and a

with two previous IPD meta-analyses on related subjects
large study in which a genetic sensitivity of environmental stress was
found to be related to lung cancer.®? Similar biobehavioral pathways
(e.g., immune response) to cancer incidence are theorized for many
psychosocial factors.! Therefore, our conclusions may apply to a
broader category of psychosocial factors, particularly because many
also have similar associations with health behaviors.®® It is worth
noting some consistency in the patterns of findings for lung cancer in
the present study, in that an association between social-related
factors (recent loss, relationship status, and perceived social sup-
port) and lung cancer incidence was observed, particularly before the
inclusion of health behaviors. Previous findings from the PSY-CA
consortium showed similar associations between anxiety and
depression with lung cancer but not for other cancer types.'® The

effects of depression, anxiety, perceived social support, recent loss,

and relationship status may not be unique but could be reflected by a
common factor such as loneliness, which has previously also been
shown to be linked to lung cancer incidence.>* The authors of this
previous study argue that loneliness may be associated with social
economic factors such as poor living conditions,> and education level
in the current study is unlikely to have sufficiently adjusted for this.
Loneliness and social isolation have been linked to neurophysiological
responses t00,3¢ which may explain the increased risk for lung cancer
also. It is worth stressing that only for recent loss did the association
seem clinically relevant (56% increase in lung cancer in the maximally
adjusted model, as opposed to 5% and 8% for low perceived social
support and not being in a relationship, respectively).

When looking at smoking-related cancers, not being in a rela-
tionship was associated with an increased cancer risk; this associa-
tion remained statistically significant (albeit smaller) when adjusting
for the covariates (Figure 3). Smoking-related cancers included a
heterogeneous group of cancers, including bladder, renal, ovarian,
cervical, and pancreatic cancers (Table 1). It is unlikely that the
findings with smoking-related cancers are driven by the association
with lung cancer, given that the total number of incidences reported
in Table 3 suggests that approximately 20% of smoking-related
cancers were lung cancer (although the final proportion in each
meta-analysis may differ depending on which cohorts were included).
Further research is required to test whether the association with
relationship status indeed holds for each cancer type within this
group. Likewise, the lack of association with alcohol-related cancers
in the current study does not mean that there would not be an as-
sociation when looking at the included cancer types separately. It is
important to note that these findings were exploratory; further
research is required to replicate this finding, and to disentangle the
effects of (passive) smoking, which may have been insufficiently
captured with pack-years. Importantly, although not all those with a
smoking-related cancer are (ever) smokers, the current amount
smoked did almost fully (>90%) mediate the association between
relationship status and subsequent smoking-related cancers (M.B.
et al., unpublished data), as it also did with anxiety and depression.®”
This suggests that smoking does explain the association between
relationship status and smoking-related cancers. It is interesting to
note that whereas recent loss was associated with lung cancer inci-
dence in Lifelines, the effect did not attenuate when adjusting for
several known risk factors. It seems, therefore, that smoking is un-
likely to explain the association between a loss event and lung cancer
incidence. Because bereavement is related to a sudden event that
may affect several health behaviors concurrently, it may be necessary
to take into account the combined effect of these health behaviors.

An important question that arises is the following: what distin-
guishes neuroticism and general distress from the other psychosocial
factors, which potentially explains the lack of association with lung
cancer or smoking-related cancers? Notably, in the supplementary
materials, it is clear that for both neuroticism and general distress
there was one cohort that showed relatively large effects in the
opposite direction (i.e., an association with diminished cancer risk,

albeit not statistically significant, in Utrecht Cardiovascular
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Cohort-Second Manifestations of Arterial Disease [UCC-SMART-2]
and Longitudinal Aging Study Amsterdam [LASA]). In both cases, the
cohorts were relatively older and could point toward moderation by
age. Future research may want to explore this further, given that
neuroticism and general distress in older age may be different from
neuroticism and general distress in relatively younger participants.
Indeed, in a study with participants aged 65+ years, neuroticism was
seen as a protective factor for all-cause mortality.>® In the present
study, leave-one-out analyses indicated that when UCC-SMART-2
and LASA were excluded from the analyses, the effect remained
nonsignificant. Furthermore, for neuroticism specifically, it could be
that although an individual is susceptible to stress, in the absence of
stressors there is no increased risk for cancer.

The current study has several strengths, namely the sample size,
follow-up duration, relatively objective outcome measure of cancer,
availability of several covariates, and consistency in the definition of
the psychosocial variables of interest. However, there are also
several limitations to address. The analyses were based on complete
cases, whereas a better approach for dealing with missing data is
multiple imputation.®? Although in a previous IPD meta-analysis the
results between the imputed data sets and complete cases remained

the same,'”

it is possible that the complete data analysis in the
present study is biased. Also, in the interest of harmonization across
cohorts, we defined a recent loss as a loss of an immediate family
member in the last 12 months at baseline. It is feasible that losses
longer than 12 months ago or during follow-up, or loss of someone
else (such as a friend), can have a large psychological impact. Like-
wise, the other psychosocial variables could also change during
follow-up. Capturing the dynamic nature of many psychosocial fac-

k,*%4* and our

tors may provide evidence of a link with cancer ris
findings are limited to a measurement at a single, unspecified
moment in time. That said, even when captured at one moment in
time, we did observe an association between several of the psycho-
social factors and lung- and smoking-related cancer risk. And because
many psychosocial variables have (or are related to) a trait-like
component, it is expected that if effects are large enough, an asso-
ciation would have been observed. Regardless, future longitudinal
studies may therefore prefer to consider measuring psychosocial
factors throughout follow-up. Because cohorts differed in which
psychosocial factors were available, another limitation was that
testing a model that included all psychosocial variables was not
possible. Given the strong associations between many psychosocial
variables, we were not able to explore overlap and unique associa-
tions. A further limitation is that although we attempted to explore
the more immediate versus the more delayed effect of psychosocial
factors by comparing 5-, 10-, and 15-year follow-up, the cutoffs were
more data driven than theoretical, and it is possible that comparing
shorter time frames or even including cancer incidences within the
first year may have revealed a more immediate effect. Another lim-
itation important to note is that the covariates adjusted for are not
exhaustive, and including further potential covariates or moderators

could lead to different findings. For example, Chen and colleagues

found that the link between a genetic sensitivity for environmental
stress and lung cancer incidence differed among genetic ancestries.>?
Finally, to ensure sufficient power, we were only able to focus on the
most prevalent cancers (excluding skin cancer), and our findings
cannot be extended to other cancers, or groups of cancer of a
common type (e.g., gynecological cancers).

Our findings may provide reassurance to patients who experi-
ence guilt and self-blame as a result of attributing a cancer diagnosis
to psychosocial factors such as general distress or a loss event.2™* We
performed 35 maximally adjusted meta-analyses, and did not find
support for an association between psychosocial factors (loss event,
perceived social support, relationship status, neuroticism, and gen-
eral distress, all measured at a single moment in time) and cancer
incidence, with only two exceptions: (1) the association between a
recent loss and lung cancer incidence (based on one cohort), and (2)
the association between not being in a relationship and the incidence
of smoking-related cancers. The overall pattern does not support the
hypothesis that psychosocial factors (measured at one moment in
time) are associated with an increased risk of cancer. However, an
important avenue for future research is distinguishing chronic forms

of stress from more incidental ones.
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