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Abstract

OBJECTIVES: Patients with lung cancer report sleep difficulties to be frequent and bothersome symptoms. This study describes the trajec-
tory of sleep from before and up to 12 months after surgery for lung cancer. Further, it investigates possible associations between sleep dis-
turbance, demographic and clinical characteristics before surgery.

METHODS: This study is part of a longitudinal multicentre study. Sleep disturbance was measured by The General Sleep Disturbance Scale
(GSDS) that investigates frequencies of sleep difficulties (21 items) and a total sum score >_43 indicates a clinically meaningful level of sleep
disturbance (score range 0–147). Linear mixed models were used to study changes in sleep from baseline to 1, 5, 9 and 12 months after
surgery.

RESULTS: The percentage of patients (n = 264) reporting sleep disturbances was 60.9% at baseline, 68.5% at Month 1, 55.4% at Month 5,
51.3% at Month 9 and 49.7% at Month 12. The increase to and decrease from Month 1 was the only significant alteration in the occurrence
of sleep disturbance. The patients reported most problems within the subscales sleep quantity, early awakenings and sleep quality. Factors
associated with sleep disturbance were lower age, use of pain medication and psychotropic medication and higher comorbidity score.

CONCLUSIONS: Lung cancer patients sleep poorly, before as well as after surgery. There is a need to address sleeping disturbance rou-
tinely in clinical practice and screening for sleeping problems is indicated. Further studies are warranted concerning factors that contribute
to sleep disturbance and how they best can be treated.

Keywords: Lung cancer • Surgery • Sleep • Symptoms • Patient-reported outcomes

INTRODUCTION

Increased long-term survival after lung cancer has led to a
growing interest in addressing issues and symptoms faced by
long-term survivors [1]. Hence, the importance of measuring pa-
tient-reported outcomes is increasingly emphasized [2]. Studies
on quality of life in lung cancer patients after surgery show
diverging long-term results. However, all show a marked reduc-
tion in the quality of life in the first postoperative months [3, 4].
Sleep disorders are often assumed to be part of a cluster of

symptoms reducing the quality of life, such as pain, fatigue, de-
pression and anxiety [5].

Previous studies have shown that sleep disturbances are com-
mon in cancer patients [6] and insomnia has been rated the se-
cond most bothersome symptom based on cancer and
treatment status [7]. Chronic sleep deficiency is a growing and an
underappreciated determinant of health status [8]. Few studies
have focused on possible associations between clinical and
demographic characteristics and the course of sleep disturbances
in patients undergoing surgery for lung cancer. In previous stud-
ies, sleep has mainly been examined as one of many symptoms
[9] and not been described in detail. In these studies, patients
with sleep disturbances exhibited worse psychological and†The first two authors contributed equally to this work.
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physiological symptoms such as more pain, anxiety, depression
and fatigue [9, 10]. Further, studies in the general population and
other cancer populations suggest that gender, age and comor-
bidity are predictors for sleep disturbances [11, 12]. Few studies
have examined sleep longitudinally in patients with lung cancer.
A study by Gooneratne et al. [1] found that lung cancer survivors
had significant sleep problems even 8 years after diagnosis.
However, to our knowledge, no studies have focused especially
on sleep in patients undergoing surgery for lung cancer. Hence,
the main aim of the present study was to describe the trajectory
of sleep from before and up to 12 months after surgery for lung
cancer. Secondary aims were to examine the prevalence of
self-reported sleep disturbances in the same time span and to in-
vestigate possible associations between sleep disturbance and
demographic and clinical characteristics before surgery.

METHODS

Patients, settings and study procedure

This study is part of a larger, descriptive, longitudinal multicentre
study investigating several dimensions of patient-reported out-
comes among lung cancer patients before and after surgery [13].
Patients scheduled for surgery for primary lung cancer who were
18 years or older and were able to read, write and understand
Norwegian were eligible for inclusion. Exclusion criteria were
cognitive impairment, cancellation of surgery, surgical explor-
ation without curative resection or cases where histological
examination after surgery revealed that the patient had benign or
metastatic disease.

Patients were recruited from 3 university hospitals in Norway
(i.e. Oslo University Hospital in Oslo, St. Olavs Hospital in
Trondheim and Haukeland University Hospital in Bergen).
Recruitment started in November 2010 and was completed in
March 2012. The study was approved by the Regional Ethical
Review Committe (REK number 2010/1508 b) and supported by
the institutional review boards (Personvernombudet) at these
hospitals.

The majority of the patients (91%) were recruited in the hos-
pital 1 to 3 days before surgery. The remaining 9% of the sample
was recruited in the outpatient clinic prior to surgery. After giving
written informed consent, patients completed the baseline study
questionnaires before surgery. Data were also collected by postal
surveys at Months 1, 5, 9 and 12 after surgery.

Instruments

Demographic and clinical characteristics. Patients provided
information on sociodemographic variables at enrolment.
Research nurses completed information on age, smoking status,
height, weight and use of preoperative medication. Medical re-
cords were reviewed for information on tumour histology, type
of surgery and tumor node metastasis classification [14].

Self-Administered Comorbidity Questionnaire. The Self-
Administered Comorbidity Questionnaire (SCQ) includes 16
common medical conditions and 3 optional conditions, adding
points for treatment or limitations in activities. The total SCQ
score can range from 0 to 57. The total SCQ has well-established
validity and reliability for a variety of conditions [15].

General Sleep Disturbance Scale. The General Sleep
Disturbance Scale (GSDS) was used to obtain information on
sleep. The GSDS is a self-rated 21-item questionnaire investigat-
ing the frequencies of defined sleep difficulties in the past week.
Frequencies of the respective items are indicated on a numeric
rating scale ranging from 0 (never) to 7 (every day). The total
sum score thus has a possible range of 0–147. Higher scores indi-
cate more severe sleep disturbance. The 21 items are divided
into 7 subscales: sleep onset latency (1 item), mid sleep wakes
(1 item), early awakenings (1 item), quality of sleep (3 items),
quantity of sleep (2 items), excessive daytime sleepiness (7 items)
and medications for sleep (6 items). This study has made use of
cut-off points for GSDS scores consistent with most previous
studies [16], a GSDS total sum score >_43 and mean subscale
scores >_3 indicate a clinically meaningful level of sleep disturb-
ance [16]. In the calculations of total and mean GSDS scores, ad-
justments were made for missing data. If at least 70% of the
questions were answered, a total value for all questions was esti-
mated by replacing missing data with the mean scores from the
other answers before calculating the total score. The GSDS has
well-established validity and reliability in cancer patients [16]. The
Cronbach’s a was 0.86 for the 21 GSDS items at baseline and
0.85 at Month 12, suggesting a satisfactory internal consistency in
the present study.

Statistical analyses

The data are given as means and standard deviations or frequen-
cies and percentages. Linear mixed models fitted by restricted
maximum likelihood were used to study changes in sleep over
the 5 time points of measurement. Candidate covariates were
chosen based on previous research [9–12] and statistical signifi-
cance in univariate analyses. Age, analgesics, psychotropic medi-
cine, comorbidity (assessed by SCQ) and work status were found
to be significantly related to sleep (Table 1). Work status is highly
related to age and was therefore not included in the linear mixed
model. Gender was not significantly related to sleep in univariate
analyses in our study but was included in the model based on
previous studies [11]. The model was first fitted with total GSDS
as the dependent variable, gender, time, analgesics and psycho-
tropic medicine as fixed factors while age and SCQ score as con-
tinuous covariates. Within-subject correlation was accounted for
by including a subject-specific random intercept. Two interaction
terms, Time x Age and Time x Gender, were included in the
model. A more parsimonious model was fitted with total GSDS
as the dependent variable, gender and time as fixed factors and
age as continuous variable.

Goodness of fit was evaluated by Akaike’s information criteria
[17]. Q–Q plots of the residuals were inspected visually to assess
the normality assumption. Post hoc pairwise comparisons were
performed with Bonferroni adjustment.

P-values <0.05 were considered statistically significant. Statistical
analyses were performed using IBM SPSS statistics 21.

RESULTS

Patient characteristics and comorbidities

A total of 375 patients with presumptive primary lung cancer
were asked to participate in the study and 307 agreed (81%).
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Based on prespecified exclusion criteria, 22 patients were
excluded. Of the remaining 285 patients, 264 patients completed
the questionnaire at baseline (92.6%). The flow chart in Fig. 1
shows inclusion and exclusion of patients throughout the entire
study. Demographic and clinical characteristics for the patients at
baseline are presented in Table 1. The patients’ mean age was
65.8 (±8.5) years, and 152 (58%) of them were men. The patients
had a mean SCQ score of 4.4 (±3.8) ranging from 0 to 21.

Sleep disturbances

The percentage of patients reporting sleep disturbances, defined
as GSDS total sum score >_43, was 60.9% at baseline, 68.5% at
Month 1, 55.4% at Month 5, 51.3% at Month 9 and 49.7% at
Month 12. Figure 2A illustrates how the mean GSDS total sum
score varied from baseline through Month 12. The patients re-
ported the highest GSDS total sum score at Month 1. Figure 2B il-
lustrates how the GSDS mean scores for the 7 subscales varied
from baseline through Month 12. The patients reported most
problems within the subscales ‘sleep quantity’, ‘early awakenings’
and ‘sleep quality’. ‘Quantity of sleep’ was the subscale in which
the patients overall scored the highest, while the subscale

‘medications for sleep’ had the lowest mean scores, all below 1.0.
Figure 3 displays the patients’ individual trajectories for total
GSDS over the 5 measurement points. The figure shows that the
trajectory had individual variations beyond that for the total sam-
ple illustrated in Fig. 2A.

Factors associated with sleep disturbance are presented in
Table 2. Lower age, use of pain medication, use of psychotropic
medication and higher comorbidity score (SCQ) were signifi-
cantly associated with higher sleep disturbance severity (total
GSDS). The interaction terms Age x Time (P = 0.596) and Gender x
Time (P = 0.938) did not reach statistical significance in the overall
test and were removed from the model. Table 3 presents a more
parsimonious model, not adjusting for pain medication, psycho-
tropic and comorbidity (SCQ). The model presented in Table 2
gave a better fit (e.g. lower Akaike’s information criteria). Gender
differences were not significant in any of the models. However,
the estimated effect of gender was higher in the model in
Table 3. This may imply multicollinearity between gender, pain
medication, psychotropic medication and comorbidity.

The highest sleep disturbance score was reported at Month 1.
Post hoc pairwise comparisons showed that the total GSDS at
Month 1 was the only time point that differed significantly from
the other time points. The estimated marginal mean GSDS total
sum score, based on mean age and SCQ for the total sample, was
61.3 at Month 1 compared with 56.2 at baseline (P = 0.001), 54.9
at Month 5 (P < 0.001), 54.2 at Month 9 (P < 0.001) and 54.7 at
Month 12 (P < 0.001).

DISCUSSION

This study is the first to comprehensively describe the sleep tra-
jectory of surgically treated lung cancer patients up to 12 months
after surgery. The findings demonstrate that lung cancer patients
in general sleep poorly, before as well as after surgery. Younger
age, comorbidity, use of psychotropic and analgesic medication
at baseline contributed significantly to worsening sleep. These
are important findings, indicating a possible need for interven-
tion to prevent chronification of sleep disturbances especially in
the younger patients, patients with psychiatric comorbidities and
patients on medication for pain.

In concordance with previous studies on sleep disturbances in
cancer patients [5, 18], we found a higher prevalence of sleep dis-
turbances in this data material than in the general population.
Although specific sleep disorders (e.g. insomnia) are not diag-
nosed by GSDS, a large proportion of the patients reported GSDS
scores well above the clinically meaningful cut-off points. The
prevalence varied between 49.7% and 68.5% (GSDS total sum
score >_43) throughout the study period. A previous study found
insomnia in 15.5% of the adult Norwegian population (using the
DSM-IV inclusion criteria) [19] and a review of epidemiological
studies from across the world found prevalence of insomnia in
the general population to vary from 6% to 33% (based on 4 dif-
ferent criteria) [11]. These prevalence rates are much lower than
in the present study, where 50% of the patients reported sleeping
problems 1 year after surgery. The prevalence in our study is
comparable to the findings in a small cross-sectional study re-
porting that more than half of the patients with lung cancer had
sleep disturbances [10]. Long-term lung cancer survivors have
some of the highest rates of insomnia when compared with other
cancer survivors [1], suggesting that unique factors related to lung
cancer diagnosis, treatment and survivorship influence sleep.

Table 1: Demographic and clinical characteristics of the
lung cancer patients before surgery

Characteristic (n = 245–264a) Mean (SD) n (%)

Age (years)* 65.8 (8.5)
Gender (female) 112 (42.4)
Lives alone 59 (23.5)
Education

Primary/secondary school 211 (83.7)
University/college 41 (16.3)

Work status*
Full- or part-time 75 (29.9)
Sick leave or disability 66 (26.3)
Retired or other 110 (43.8)

Smoking status
Smoked until surgery 120 (45.6)
Stopped at least 1 year before surgery 126 (47.9)
Never smoked 17 (6.5)

Body mass index 25.9 (4.7)
Tumour type

Adenocarcinoma 149 (56.4)
Squamous-cell carcinoma 81 (30.7)
Small cell 6 (2.3)
Carcinoid 6 (2.3)
Other 22 (8.3)

Stage of cancer
IA 80 (32.7)
IB 79 (29.9)
II 45 (18.4)
IIIA 40 (16.4)
IIIB/IV 1 (0.4)

Psychotropic drugs before surgery (yes)* 53 (20.1)
Pain medication before surgery (yes)* 42 (15.9)
SCQ-19b,* 4.4 (3.8)

an varies due to missing values.
bThe Self-administered comorbidity questionnaire (SCQ) includes 16
common comorbidities and 3 optional conditions. The total SCQ-19
score can range from 0 to 57.
*P < 0.05: significantly related to sleep measured by General Sleep
Disturbance Scale in univariate analyses at one or more time points
(e.g. baseline, 1, 5, 9 or 12 months after surgery).
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However, in surveys of insomnia among cancer patients, the pa-
tients appear not to report their sleep problems to their phys-
ician [5]. Savard and Morin [18] claim that insomnia is perceived
only as a symptom secondary to depressive or anxiety disorders,
with the sometimes erroneous assumption that it will resolve
with adequate treatment of the underlying anxiety and depres-
sion and that sleeping problems are viewed as normal and tem-
porary reactions to the cancer diagnosis and treatment. Hence,
Savard and Morin emphasize the need for direct treatment of
the condition because of both the elevated prevalence in cancer
patients and the potential negative consequences on daytime
functioning and quality of life.

The sample as a whole scored above the cut-off point for sleep
disturbances at all measurement points, with a high mean score
already before surgery. The score peaked, as expected, 1 month
postoperatively and fell below the baseline level at 5 months.
However, the reduction from baseline to 12 months was not stat-
istically significant, indicating that the patients did not sleep bet-
ter 12 months after surgery than preoperatively. A previous study

found that 56.6% of elderly long-term lung cancer survivors had
poor sleep more than 5 years post diagnosis compared with
29.5% of elderly non-cancer controls [1]. For the majority of these
patients, the sleep problems did not predate their cancer diagno-
sis. This suggests that sleep disturbance is a problem not solely
before surgery and in the postoperative phase and that there is a
risk of developing chronic complaints.

For sleep disturbance on the subscale level, the mean varied
substantially. This shows that the different dimensions of sleep
disturbance in varying degrees contributed to the compound ex-
perience of sleep disturbance. Problems with sleep quantity,
sleep quality and mid sleep wakes had the highest mean scores
in this sample at all time points. Consistent findings have been
reported in prostate cancer patients [16] but have not been re-
ported after lung cancer surgery.

Lower age was related to the sleep disturbance trajectory. This is
opposed to the tendency in the general population, where preva-
lence of insomnia symptoms increases with age [11]. However,
consistent findings have been reported in other studies of sleep

Figure 1: Study flowchart. The flowchart shows the enrolment and exclusion of patients throughout the study.
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disturbance in cancer patients [12, 20]. It may be that younger pa-
tients experience a lung cancer diagnosis differently and more bur-
densome than elderly patients, hence influencing sleep to a larger
degree. This is supported by studies concluding that older and
younger oncology patients experience a differently symptom bur-
den [21, 22]. Further, it has also been found that younger females
have the highest symptom burden [22]. In the general population,
women are more likely to suffer from insomnia than men [11].
Gender was not found to be a risk factor for sleep disturbances in
this study population, indicating that gender may be a less import-
ant predictor of sleep disturbance in lung cancer patients.
However, in the linear mixed model, the estimate was higher in
the model without medication and comorbidity. This may indicate
that higher comorbidity and medication may be important factors
concerning gender and sleep disturbances.

Higher comorbidity score was found to be an explanatory vari-
able of the total GSDS score. Sleep disturbances are strongly asso-
ciated with a wide range of diseases. For example, one study
concluded that insomnia was a significant risk factor for depres-
sion, anxiety, fibromyalgia, rheumatoid arthritis, whiplash, arthro-
sis, osteoporosis, headache, asthma and myocardial infarction [23].
Consistent with our findings, it has been found that patients with
breast cancer and higher GSDS scores, scored higher on comor-
bidity than the patients with lower GSDS scores [12]. Whether the
sleep disturbances were caused by pre-existing diseases or the
comorbidities were caused by the sleep disturbances, is not
known, but awareness of the link between the degree of comor-
bidities and sleep disturbances is in any case of importance.

Long-term lung cancer survivors have been reported to have
higher rates of sleep medication use relative to non-cancer con-
trols [15]. This indicates that treatment other than medication
might be necessary to accomplish satisfying sleep patterns.
Cognitive–behaviour therapy for insomnia in patients with cancer
is generally recommended both during and after cancer treatment
[24]. The quality of the evidence supports a strong recommenda-
tion for the use of cognitive–behaviour therapy for insomnia
among cancer survivors [24]. In addition, routinely screening pa-
tients for sleep disturbances is recommended and indicated as
best practice for oncology practice [25]. However, most of the evi-
dence comes from studies in other cancer populations; hence fur-
ther studies on lung cancer patients are warranted.

Strengths and limitations

Some limitations need to be acknowledged. First of all, the GSDS
determines the prevalence of sleep disturbances solely based on
frequency of symptoms, leaving out information on what reasons
the patients assign their sleep disturbances and how severe and/
or distressing they experience these. However, frequency quanti-
fiers are the most common in epidemiological studies on insom-
nia [11], and data already published from this study showed that
our patients ranked difficulty sleeping both as one of the most
severe and as one of the most distressing symptoms they experi-
enced [13, 26]. Another limitation is the lack of objective sleep
measures such as polysomnography. However, self-report meas-
ures of sleep are the most common approach and have some ad-
vantages (e.g. their ease of use, convenience, low expense and
reflection of the natural setting) [27].

Both the modern Scandinavian lifestyle and seasonal changes
in the photoperiod may be viewed as limitations concerning gen-
eralization. Modern lifestyle may change the sleep–wake rhythm
and the prevalence of sleeping problems [19]. However, these
features are typically found in other Western countries as well
[28]. The evidence concerning seasonal changes is inconclusive.
Some epidemiological studies suggest that significant seasonal
changes (e.g. time of sunrise and hours of daytime light) may in-
fluence the sleep–wake rhythm of humans in the North [29].
However, a large epidemiological study did not find evidence for
seasonal variations in sleeping problems [30].

The main strengths of this study are the prospective design,
the large number of participants, the high response rate, the con-
secutive inclusion and the homogeneous sample including only
patients with primary lung cancer undergoing surgical treatment.
It is a multicentre study with patient inclusion from 4 of the 7
centres performing lung cancer surgery in Norway. We therefore
consider this cohort to be representative of the lung cancer

Figure 2: Mean General Sleep Disturbing Scale (GSDS) total sum scores for the
total sample. (A) Mean GSDS total sum score for the total sample at baseline
and through Month 12, the dotted line represents the cut-off point >_43. The
GSDS has a score range of 0–147; the y-axis has been cropped in this figure. (B)
Mean GSDS scores for all subscales at baseline and through Month 12, with the
dotted line representing the cut-off point >_3.

Figure 3: Plot of individual General Sleep Disturbance Scale (GSDS) scores. Plot
of the patients’ (n = 261) individual trajectories of total scores on the GSDS
over the 5 measurement points during the first year after surgery for lung can-
cer. Of the total 1320 GSDS scores, 260 were missing, making interruptions to
some of the trajectories.
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patients receiving surgical treatment. We used GSDS, which is
validated for cancer populations, and the internal consistency of
the GSDS questionnaire was good.

CONCLUSIONS

Lung cancer patients in general sleep poorly, before as well as
after surgery. This study provides a more complete picture of the
trajectory of sleep disturbances in lung cancer patients undergo-
ing surgery. There is a need to address sleep disturbances rou-
tinely in clinical practice and screening for sleep problems is
indicated. Further studies are warranted concerning factors that
contribute to sleep disturbance after lung cancer surgery and
how they best can be treated.
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