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Abstract
Background Anxiety, depression, insomnia, fatigue, and
pain are frequently reported by cancer patients. These symp-
toms are highly interrelated. However, few prospective stud-
ies have documented the sequence with which symptoms
occur during cancer care.
Purpose This longitudinal study explored the temporal rela-
tionships between anxiety, depression, insomnia, fatigue,
and pain over an 18-month period in a large population-
based sample of nonmetastatic cancer patients (N0828),
using structural equation modeling.
Methods The patients completed a battery of self-report
scales at baseline and 2, 6, 10, 14, and 18 months later.
Results The relationships between the same symptom at
two consecutive assessments showed the highest coeffi-
cients (β00.29 to 0.78; all ps≤0.05). Cross-loading param-
eters (β00.06 to 0.19; ps≤0.05) revealed that fatigue
frequently predicted subsequent depression, insomnia, and
pain, whereas anxiety predicted insomnia.
Conclusions Fatigue and anxiety appear to constitute im-
portant risk factors of other cancer-related symptoms and
should be managed appropriately early during the cancer
care trajectory.
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Introduction

Cancer patients are likely to experience a variety of psycho-
logical and somatic symptoms, such as anxiety, depression,
insomnia, fatigue, and pain, from the time of their diagnosis
to months and sometimes years after the end of their treat-
ment [1, 2]. These symptoms rarely occur alone and can
influence each other during the cancer care trajectory.
Indeed, many longitudinal studies have shown that the
severity level of one symptom (e.g., depression) can
predict that of the same symptom at a subsequent time
assessment [3–11]. For example, results from a study
conducted in 144 colorectal cancer patients showed that
their baseline level of anxiety and depressive symptoms
significantly predicted the increase of the same symp-
toms in the following year [7].

Other findings have revealed that temporal relationships
also exist between different symptoms (e.g., anxiety symp-
toms at one time assessment predicting the level of fatigue
found at a subsequent time assessment; [9, 11–19]). In a
recent study, 82 men undergoing radiation therapy for pros-
tate cancer completed questionnaires at several time points
over a 6-month period [18]. Results showed that trait anx-
iety and depression symptoms, but not fatigue and pain, at
baseline predicted sleep difficulties throughout the duration
of the study. Conversely, previous reviews have underlined
that fatigue and pain may be major risk factors for the
development or increase of insomnia symptoms in cancer
patients [20–23]. Further research is needed to resolve these
inconsistent findings and address the limitations of prior
research. For example, most of the studies were conducted
using a small sample (i.e., mainly from 41 to 223 partici-
pants), which limits the statistical power and therefore the
complexity of the analyses that can be computed. Some
statistical procedures such as structural equation modeling
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are more appropriate to study temporal associations between
symptoms [12], but these analyses generally require a large
number of participants [24–26]. Furthermore, their study
design often comprised two or three time points only, which
limits the capacity of investigating the consistency of the
pattern of temporal relationships over time. Indeed, stronger
inferences about cause and effect relationships can be made
from results obtained with several time assessments [27].
Getting a clearer picture of the temporal relationship be-
tween cancer-related symptoms appears to be very relevant
from a clinical standpoint. By better understanding the se-
quence with which symptoms occur, interventions targeting
symptoms that seem to appear first in the cancer care tra-
jectory could be developed in order to prevent the incidence
of other symptoms.

The main goal of this study was to explore temporal
relationships between anxiety, depression, insomnia, fa-
tigue, and pain, over an 18-month period in a large
population-based sample of nonmetastatic cancer patients,
using structural equation modeling. More precisely, this
research aimed at examining to what extent the severity
level of one specific symptom can uniquely and significant-
ly predict the severity level of the same symptom and each
of the other symptoms at the subsequent time point. It was
postulated that the severity level of one specific symptom
would significantly predict scores of the same symptom at
the subsequent time point, consistently throughout the can-
cer care trajectory. No specific hypothesis was stated on
associations between different symptoms because of the
inconsistent results obtained thus far.

Method

Participants

Inclusion criteria were: (a) confirmed first diagnosis of non-
metastatic cancer, (b) scheduled to receive curative surgery,
(c) between 18 and 80 years of age, and (d) able to read and
understand French. Exclusion criteria were: (a) administra-
tion of neoadjuvant cancer treatment; (b) upcoming surgery
as part of brachytherapy for prostate cancer, because of its
very distinct side effects profile; (c) severe cognitive impair-
ments (e.g., Alzheimer's disease) or severe psychiatric dis-
order (e.g., psychosis) as noted in the medical chart,
observed at recruitment, or reported by the patients; d)
having been diagnosed by a physician or being treated for
a sleep disorder other than insomnia (e.g., sleep apnea) as
reported by the patient; and (e) severe visual, hearing, or
language defects impairing the capacity to complete the
measures. Surgery that is done with a curative intent, in
nonmetastatic cancer patients, is usually scheduled early in
the cancer care trajectory. We chose to recruit patients

scheduled to receive surgery in order to be able to follow
them from the beginning of their treatment path.

This study was part of a larger longitudinal study on the
epidemiology of insomnia in the context of cancer [28, 29].
Potential participants were recruited at L’Hôtel-Dieu de
Québec (Centre Hospitalier Universitaire de Québec;
CHUQ) and Hôpital du St-Sacrement (Centre Hospitalier
Affilié Universitaire de Québec; CHA), in Quebec City,
Canada, from 2005 to 2007. The study was approved by
the research ethics committees of the CHUQ, the CHA, and
of the Université Laval. All patients meeting the initial
inclusion criteria were approached by a research assistant
on the day of their preoperative visit to explain the study
goals and further assess their eligibility. Of the 3,196
patients solicited to take part in the larger study, 1,677
(52.5 %) were eligible and 962 agreed to participate
(57.4 %). Differences between these patients and the ones
who refused to participate are described elsewhere [28].
From the original sample of 962 participants, 86.1 % com-
pleted at least 50 % of this study's variables for at least 50 %
of the assessment points (N0828), which formed the sample
for the current study. This decision was supported by evi-
dence that patients who were excluded on this basis (N0

134) had a much larger amount of missing data (77.3 %) on
the symptom variables, compared to 6.4 % only for partic-
ipants included in the final sample. Patients who were
excluded due to this criterion were more likely to be wid-
owed, χ2(1, N0134)018.16, p<0.0001; to receive chemo-
therapy, χ2(1, N0134)039.4, p<0.0001; to have a
gynecological, χ2(1, N0134)03.90, p00.05 or a urinary
and gastrointestinal cancer, χ2(1, N0134)07.43, p00.006;
and less likely to be married, χ2(1, N0134)05.78, p00.02
and to receive a combination of chemotherapy, radiation,
and hormone therapy as adjuvant treatments, χ2(1, N0

134)05.27, p00.02. However, they were not significantly
different at baseline on any of the main dependent
(symptoms) variables.

Procedure

The study used a prospective longitudinal design comprising
six time assessments: baseline (T1), 2 (T2), 6 (T3), 10 (T4), 14
(T5), and 18 months (T6). At T1, participants were given a
battery of self-report scales which they had to complete and
mail back within the following week. Then, a phone interview
was conducted to obtain missing data and review the most
challenging items to fill out in order to increase the reliability
of the data. Although patients were recruited before surgery,
the majority (79.7 %) chose to complete the baseline measures
after being operated. The same procedure was used from T2 to
T6, except that the questionnaires were mailed. Participants
received a compensation of 20$ CAD for each time assess-
ment completed.
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Measures

Hospital Anxiety and Depression Scale [30]

This questionnaire includes 14 items divided into two sub-
scales: depression and anxiety (seven items each). The
Hospital Anxiety and Depression Scale (HADS) contains
no somatic items which could be confounded with symp-
toms of the medical condition. The 4-point Likert scale
ranges from “0” to “3.” The total for each subscale ranges
from 0 to 21 [31, 32]. The French–Canadian version has
psychometric qualities equivalent to those of the original
English version [32].

Insomnia Severity Index [33]

The Insomnia Severity Index (ISI) includes seven items
which evaluate the perceived severity of: (a) difficulties
falling asleep, (b) difficulties maintaining sleep, (c) ear-
ly morning awakenings, (d) the degree of dissatisfaction
with current sleep, (e) the degree to which sleep diffi-
culties interfere with daytime functioning, (f) the degree
to which others notice the deterioration of functioning
related to the sleep problem, and (g) the level of dis-
tress or worry caused by the sleep difficulties. The 5-
point Likert scale ranges from “0” (not at all) to “4”
(extremely), for a total score ranging from 0 to 28 [34].
The French–Canadian version of the ISI was empirically
validated among cancer patients [35, 36], with psycho-
metric properties similar to those found in the general
population [33].

Multidimensional Fatigue Inventory [37]

The French–Canadian version used is a short form of the
original Multidimensional Fatigue Inventory (MFI) [38]. It
contains 15 items divided into four subscales, but only the
general and physical fatigue subscale was used for this study
(seven items), in order to avoid the potential overlap be-
tween other dimensions of fatigue and depression (e.g., loss
of motivation). The items are evaluated on a Likert scale
ranging from “0” (not at all) to “4” (extremely). The
French–Canadian version of the MFI has excellent psycho-
metric qualities [37].

Physical Symptoms Questionnaire

An adaptation of the Memorial Symptom Assessment
Scale [39] was developed to assess the frequency of
19 somatic symptoms often reported by cancer patients.
Each item is scored on a Likert scale, ranging from “0”
(never) to “4” (often). Only the pain item was used in
the current study.

Demographic and Cancer Characteristics

Participant's age, education level, marital, employment, and
socioeconomic status were collected using a questionnaire.
Cancer-related data (e.g., cancer site and stage, and adjuvant
treatments received) were taken from the patient's medical
record.

Statistical Analyses

Raw data were entered twice by independent assistants and
were cross-validated to ensure maximal integrity. They were
examined for distribution and missing data using standard
procedures [25]. As already explained, participants who had
significant missing data (N0134) were excluded from the
sample. A direct maximum-likelihood imputation was then
performed, using the expectation maximization algorithm
[40], which yielded a sample of 828 participants with com-
plete data (all five symptoms for all six assessments). Since
structural equation modeling techniques assume multivari-
ate normality [41], multivariate outliers (N038) were first
identified with the Mahalanobis' distance computed on the
five symptoms at the six time assessments (df030, alpha0
0.001) and then dropped, leaving a sample of 790 partic-
ipants for the structural equation model. These statistical
procedures were completed using SAS 9.1.3 [42] and a
standard alpha level of 5 %.

Structural equation modeling (EQS software, version 6.1;
[43]) was used in order to explore the directional temporal
relationships between anxiety, depression, insomnia, fa-
tigue, and pain. More specifically, a path analysis based on
these observed variables (symptoms) examined to what
extent the severity level of one specific symptom uniquely
and significantly predicted the severity level of the same
symptom and other symptoms at the subsequent time point.
This statistical analysis was chosen over multivariate regres-
sions because: (a) it makes it possible to test multiple tem-
poral relationships simultaneously; (b) it provides model fit
indices on the model adequacy; and (c) it enables compar-
isons between different models [24, 27, 41].

Except for temporal relationships between the same
symptom at two different time points, no consistent pattern
emerged from previous studies regarding temporal relation-
ships between different symptoms. Thus, a saturated model
was favored as a starting point to explore these relationships
between the five symptoms across the six time points, as
recommended by Byrne [24]. More precisely, all possible
temporal relationships (parameters) between two consecu-
tive time points (temporal intervals) were tested, in addition
to the correlations between the five independent variables
(symptoms at T1) and between all error terms associated
with the dependent variables (symptoms from T2 to T6),
respectively. With the aim of keeping the model as
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parsimonious as possible, parameters between nonconsecu-
tive time points (e.g., between T2 and T4) or predicting
symptoms in an opposite direction (e.g., T4 predicting T3)
were not investigated. Then, following an iterative proce-
dure based on the Lagrange and Wald tests, parameters were
dropped or added until the most parsimonious model with
the most adequate fit indices (i.e., χ2/df ratio, Consistent
Akaike Information Criteria (CAIC), Root Mean–Square
Error of Approximation (RMSEA), Comparative Fit Index
(CFI), and Bentler–Bonett Non-Normed Fit Index (NNFI))
was obtained.

Afterwards, a secondmodel was tested, in order to verify to
what extent the more stable relationships observed could be
generalized to all time points. More precisely, parameters that
were found to be significant for the majority of the temporal
intervals (more than or equal to three out of five intervals)
were then generalized to the complete model (all five temporal
intervals). The fit indices of this second model were compared
to the first model, and a chi-square test on the fit difference
was computed to determine whether these models differed
significantly.

Results

Demographic and Medical Characteristics

Table 1 presents the main characteristics of the study sample
at baseline (N0828). The French–Canadian participants
were 56.9 years old on average, and most of them were
women (68.8 %). The most frequent cancer sites were breast
(49.4 %) and prostate (28.3 %), and most commonly,
patients had localized disease (i.e., stage I or II, 73.7 %).
Surgery only (40.8 %) and the combination of chemothera-
py, radiation, and hormone therapies (18.0 %) were the most
common treatment regimens received.

Temporal Relationships from T1 to T6 (Model 1)

Mean scores obtained for each symptom are reported else-
where [44]. Model 1 is shown in Fig. 1. The correlations
obtained between each independent variable (symptoms at
T1) were all significant (ps≤0.01; r00.11 to 0.61), as were
the correlations observed between the error terms of each
dependent variable (symptoms from T2 to T6; ps≤0.05; r0
0.07 to 0.56), except one (E4 with E28). Nearly half of the
parameters (62 out of 125) were significant (ps≤0.05) and
remained in the model after completing the iterative selec-
tion procedures. Among these significant associations, all
parameters representing the temporal relationship for a giv-
en symptom between two consecutive time points were
significant (β from 0.29 to 0.78). Several cross-loading
parameters (i.e., a symptom predicting another symptom)

Table 1 Characteristics of participants at baseline (N0828)

Characteristics N (%)

Age (years; range, 23–79), M (SD)056.9 (9.8)

Gender (women) 567 (68.8)

Marital status (N0824)

Married/cohabitating 567 (68.8)

Single 87 (10.6)

Separated/divorced/widowed 170 (20.6)

Education (N0816)

Primary school or less 54 (6.6)

High school 340 (41.7)

College 210 (25.7)

University degree 212 (26.0)

Annual family income in Canadian dollars (N0700)

Less than $20,000 112 (16.0)

$20,001 to $40,000 230 (32.9)

$40,001 to $60,000 144 (20.6)

$60,001 to $80,000 109 (15.6)

$80,001 and more 105 (15.0)

Current occupation (N0822)

Working (full/part time) 325 (39.5)

Domestic work 35 (4.3)

Sick leave 116 (14.1)

Retired 322 (39.2)

Unemployed 24 (2.9)

Time since initial diagnosis
(months; n0810; range, 0.1–7.1), M (SD)02.2 (1.9)

Cancer site

Breast 409 (49.4)

Prostate 234 (28.3)

Gynaecologic 89 (10.8)

Urinary and gastrointestinal 52 (6.3)

Other 44 (5.3)

Cancer stage

0 37 (4.5)

I 296 (35.8)

II 314 (37.9)

III 143 (17.3)

IVa 20 (2.4)

Unspecified 18 (2.2)

Adjuvant treatments received (N0826; during the entire study)

None (surgery only) 337 (40.8)

Radiation therapy 73 (8.8)

Chemotherapy 18 (2.2)

Hormone therapy 28 (3.4)

Radiation therapy and chemotherapy combined 71 (8.6)

Radiation and hormone therapies combined 138 (16.7)

Chemotherapy and hormone therapy combined 12 (1.5)

Radiation therapy, chemotherapy and hormone therapy (all) 149 (18.0)

a All of the patients with stage IV cancer were included because they
did not have distant metastases
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were significant, but they exhibited smaller coefficients
(β from 0.06 to 0.19). Between 13 and 61 % of the variance
of each symptom was explained by this final model.

Mean coefficients for the complete model were computed
and are presented in Table 2. No significant parameter was
found for the relationship “depression→fatigue” and for “de-
pression→pain,” across the six time points, as is also shown
in Fig. 1. The total number of significant parameters reported
in Table 2 suggests that fatigue was the most contributive
predictor over the course of the study (as is also exhibited in
Fig. 1). More precisely, this variable had a significant rela-
tionship with subsequent symptoms 72 % of the time (18

significant parameters out of 25). Specifically, fatigue signif-
icantly predicted depression (i.e., T1 to T2, T2 to T3, T4 to T5,
T5 to T6), insomnia (i.e., T1 to T2, T3 to T4, T5 to T6), and
pain (i.e., T1 to T2, T3 to T4, T4 to T5, T5 to T6) at least for
three temporal intervals out of five. Anxiety was another
important predictor (15 out of 25 parameters), especially of
insomnia scores at the subsequent time point (i.e., T1 to T2,
T2 to T3, T4 to T5, T5 to T6). The variable that was most
consistently predicted by other symptoms at the previous time
point was insomnia (14 out of 25), although depression and
pain were also significantly predicted by other symptoms
assessed priorly in 13 out of 25 possible relationships.

Fig. 1 Significant parameters obtained from T1 to T6 in the final model (model 1). Note. In order to keep the figure readable, only the correlations
obtained between independent variables (symptoms at T1) and the parameters found to be significant between each time assessment are represented

Table 2 Mean coefficients of significant parameters obtained with model 1, between variables at T and T+1 (subsequent time point)

T Subsequent time point (T+1)

Anxiety mean
(number)a

Depression mean
(number)

Insomnia mean
(number)

Fatigue mean
(number)

Pain mean
(number)

Number of significant
parametersb

Anxiety 0.58 (5/5) 0.12 (2/5) 0.12 (4/5) 0.09 (2/5) 0.10 (2/5) 15/25

Depression 0.13 (2/5) 0.56 (5/5) 0.11 (1/5) (0/5) (0/5) 8/25

Insomnia 0.14 (2/5) 0.18 (1/5) 0.50 (5/5) 0.12 (2/5) 0.10 (2/5) 12/25

Fatigue 0.12 (2/5) 0.10 (4/5) 0.12 (3/5) 0.65 (5/5) 0.12 (4/5) 18/25

Pain 0.06 (1/5) −0.08 (1/5) 0.07 (1/5) 0.09 (1/5) 0.40 (5/5) 9/25

Number of significant
parameters

12/25 13/25 14/25 10/25 13/25 62/125

a Number of significant parameters obtained out of the five possible temporal intervals of the study
b Number of significant parameters obtained out of 25 possible significant relationships that each symptom (five) could have throughout the six time
assessments (five temporal intervals)
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Generalization of the Stable Temporal
Relationships (Model 2)

Since the results revealed a number of relationships that
were fairly stable over time, namely fatigue predicting de-
pression, insomnia and pain, and anxiety predicting insom-
nia, another model (model 2) was tested to examine to what
extent these relationships could be generalized to all tempo-
ral intervals. Specifically, in model 2, these parameters were
entered for each temporal interval (i.e., T1 to T2, T2 to T3,
T3 to T4, T4 to T5, and T5 to T6), in addition to the
parameters already found to be significant between some
symptoms at two consecutive time points. The comparison
of global fit indices for model 2 (the generalized model) and
for model 1 (the final model) is presented in Table 3 and
reveals better indices for model 1. More precisely, lower χ2/
df ratio, CAIC, and RMSEAvalues, and higher CFI and NNFI
indices were found with model 1. Finally, the chi-square test
computed between models 1 and 2 was statistically signifi-
cant, χ2(16, N0790)0253.68, p00.01. Thus, the generaliza-
tion of the more stable parameters to the whole model
significantly decreased the data fit, which suggests that these
temporal relationships were not present for all time points in
this study. Model 1 was therefore retained.

Discussion

The goal of this study was to examine temporal relation-
ships between anxiety, depression, insomnia, fatigue, and
pain, over an 18-month period in a large sample of cancer
patients, using structural equation modeling. More precisely,
this research aimed at evaluating to what extent the severity
level of a specific symptom can uniquely and significantly
predict the severity level of the same symptom and other
symptoms at the subsequent time point. As hypothesized,
and consistent with previous studies, the severity level of a
specific symptom significantly predicted that of the same
symptom at the subsequent time point, for all symptoms and

for all temporal intervals. Moreover, these relationships
yielded the strongest coefficients.

Despite their lower magnitude, several cross-loading
parameters were found to be significant. The findings revealed
that fatigue was the most important predictor of other symp-
toms at the subsequent time point. One of the more constant
relationships of fatigue over time was with future levels of
insomnia, which might appear counterintuitive at first sight.
Fatigue is the most common complaint of patients with sleep
disturbances; hence, it is more frequently perceived as a con-
sequence rather than a risk factor of insomnia [e.g., 21, 45].
However, in order to cope with the fatigue related to treatment,
cancer patients often adopt maladaptive sleep behaviors, such
as day napping and spending more time awake in their bed,
which may disrupt circadian rhythms in the long run and
increase the risk of insomnia [19, 21, 22, 29]. Besides insom-
nia, fatigue also frequently predicted pain and depression. The
influence of fatigue on future levels of pain may take place
through a deconditioning process [46–48]. By reducing their
level of activity, a strategy commonly used by cancer patients
to preserve their energy, they become vulnerable to a muscle
deconditioning that can lead to increased pain when more
vigorous activities are resumed. Carrying out fewer daily ac-
tivities may also precipitate depressed mood. Indeed, the re-
duction of positive reinforcements normally resulting from
personal and social activities may significantly contribute to
the development of depression [49]. Although behavioral
mechanisms of relationships between fatigue and other symp-
toms are plausible, the possibility of biological mechanisms
should not be overlooked. Indeed, fatigue can reflect the pres-
ence of increased neoplastic activity which may better explain
the occurrence of other symptoms (e.g., pain).

It is noteworthy that the fatigue level reported at the 14-
month assessment (T5), when less than 5 % of the patients
were still receiving chemotherapy or radiation therapy, sig-
nificantly predicted all other symptoms at the following time
point. This finding suggests that the severity of fatigue at the
end of adjuvant treatments remains a relevant treatment
target to help relieve general psychological distress often

Table 3 Comparison of fit indices for the final (model 1) and generalized (model 2) temporal models

Models χ2 df χ2/df CAIC CFI NNFI RMSEA (90 % CI)

Null 14,112.29 435 32.44

Model 1a 2,244.77 314 7.15 −164.25 0.86 0.80 0.09 (0.085–0.092)

Model 2b 2,498.44 330 7.57 −33.33 0.84 0.79 0.09 (0.088–0.095)

CAIC Consistent Akaike Information Criteria, CFI Comparative Fit Index, NNFI Bentler–Bonett Non-Normed Fit Index, RMSEA Root Mean–
Square Error of Approximation, CI Confidence Interval
aModel 1 is the final model comprising all significant parameters between the five symptoms across the six time points, obtained from an iterative
procedure with a saturated model as a starting point
bModel 2 is the model in which the more stable relationships obtained in model 1 (i.e., at least three temporal intervals out of five) were generalized
to all time points

334 ann. behav. med. (2013) 45:329–337



reported during this transition to the “survivorship” phase
[50, 51].

Anxiety appeared as another important predictor of other
variables, especially of insomnia, a result that is consistent
with numerous longitudinal studies conducted in cancer
patients [e.g., 14, 18, 29]. Psychophysiological arousal and
catastrophic thoughts (e.g., “I'll never be able to do every-
thing I have to do at work tomorrow if I don't sleep well.”)
are characteristics commonly found in anxious individuals
that could contribute to triggering sleep difficulties [52, 53].
In addition, the level of anxiety at the 2-month assessment
(T2) significantly predicted the level of all other symptoms
at the 6-month evaluation (T3). Given that the highest
proportion of patients receiving adjuvant treatments was at
2 months (T2; 52.9 %), these results suggest that interven-
tions focusing on anxiety symptoms early in the cancer care
trajectory might prevent the aggravation of other symptoms
during the next few months.

The final model showed that levels of depression never
significantly predicted fatigue levels at the subsequent time
point. Hence, the relationship between depression and fa-
tigue does not seem to be bidirectional, as is generally
believed. The majority of previous studies that have found
a significant association between these two symptoms
looked at the relationship in only one direction [e.g., 16,
17, 54, 55]. One of the few studies that have investigated
this relationship bidirectionally [56] showed that fatigue
predicted depressive mood better than depressive mood
predicted fatigue, as in the current results.

The absence of significant associations between depression
and pain, in both directions (except pain at T3→depression at
T4), is also worth discussing. This somewhat surprising result
is probably due to our study sample composed of patients with
localized cancer, who are less likely to experience chronic
pain [57–59]. It should also be underlined that our measure of
pain, which encompasses both cancer- and noncancer-related
pain, was perhaps not specific enough.

Lastly, the second model tested failed to show a constant
pattern of temporal relationships in the current sample. In
fact, the statistical analyses rejected the generalization of the
four stable relationships found in model 1 (i.e., anxiety→
insomnia; fatigue→depression; fatigue→ insomnia; fa-
tigue→pain) to all time points and favored model 1. These
results suggest that changes occurring during the cancer care
trajectory, such as cancer treatments received and the side
effects they induced, alter the nature and strength of the
relationships found between the symptoms.

Although one could argue that the current fit indices did not
reach the recommended cutoffs usually found in the literature,
the final model offers relatively good fit indices given the
constraints initially set. It is indeed desirable to have: (a) a
low value on the following indices: between 5.00 and 2.00 for
the χ2/df ratio, under 0.08 (more desirably under 0.05) for the

RMSEA and between 0.00 and 0.08 for its confidence inter-
val, and (b) a high value on the following indices: over 0.90
(more desirably over 0.95) for the CFI and the NNFI [24, 26,
41, 60, 61]. However, in order to keep the model as parsimo-
nious as possible, some constraints were initially set (i.e., no
parameter was tested between two nonconsecutive time points
or in the opposite direction), which consequently limited the
capacity to reproduce the observed variance/covariance ma-
trix, and explained the lower, but still acceptable, fit indices of
the final model.

Many strengths of this study should be emphasized. First,
the large population-based sample size, composed of
patients with diverse cancer characteristics, contributed to
maximizing the generalization of the findings and offered
enough statistical power to compute more complex statisti-
cal analyses, while the use of specific, reliable, and valid
questionnaires enhanced the study's internal validity.
Second, numerous prospective, repeated measurements at
specific time points over an 18-month period allowed us to
examine the stability of temporal relationships throughout
the cancer care trajectory. Nonetheless, this study has some
limitations that should be underlined. First, the analyses
were exploratory, since no clear pattern of findings or the-
oretical model was available in the literature. Replication of
these results is therefore strongly warranted. Second, time
points were separated by a relatively long period of time,
which was 4 months in most of the cases. It is possible that
other temporal relationships would have been observed with
shorter intervals that were not captured in this study. Third,
the temporal relationships obtained between cancer-related
symptoms do not imply causality. Other psychological and
biological factors, which were not measured in this study,
might better explain the occurrence of these symptoms.
Fourth, the potential influence of patients' sociodemographic
characteristics and clinical variables (e.g., cancer site, adju-
vant treatments) on the evolution of cancer-related symptoms
were not controlled for in the analysis.

Besides the necessity of replicating the current results,
including in studies with shorter time intervals, future stud-
ies should investigate other symptoms that may be interre-
lated with those assessed in this study. For instance, hot
flashes may mediate the relationship between anxiety and
insomnia, as these symptoms have been shown to be posi-
tively associated with both anxiety [e.g., 62] and sleep
difficulties [e.g., 63]. Cognitive disturbances, which may
be a consequence of sleep impairments [64], could also lead
to depressive symptoms. More studies are also warranted on
the possible role of other side effects of treatments, such as
urinary incontinence or sexual dysfunctions [65–68] and on
potential biological mechanisms.

This exploratory study also points to suggestions for
interventions. The level of a specific symptom was the
strongest predictor of the same symptom afterwards, but
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could also significantly predict the subsequent level of other
symptoms. For instance, it would appear that providing
patients with cognitive and behavioral strategies targeting
dysfunctional thoughts and maladaptive behaviors associat-
ed with anxiety could be offered in order to decrease anxiety
levels, but also to prevent the development of insomnia
symptoms. Fatigue was a significant predictor of many other
symptoms throughout the cancer care trajectory, especially
after completion of adjuvant treatments. It seems therefore
relevant to specifically treat fatigue per se, but also to
prevent the development or the aggravation of other symp-
toms over time. For example, cognitive–behavioral strat-
egies, such as behavioral activation and physical activity, as
well as cognitive restructuring and pacing, have been found to
be efficacious for reducing fatigue symptoms in cancer
patients [45, 69–71] and could be used as preventive
interventions.
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