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Introduction: Whether adjuvant therapy with aromatase inhibitors (Als) causes sleep disturbances or not in
postmenopausal women with early breast cancer (EBC) is still a controversial issue.

Methods: Between March 2014 and November 2017, validated questionnaires for assessing insomnia, anxiety,
depression, quality of life (QoL) and restless legs syndrome (RLS) were administered to 160 EBC patients at
baseline and after 3, 6, 12, and 24 months of Al therapy.

Results: Al therapy significantly decreased the patients’ QoL, but did not influence insomnia, anxiety or
depression. However, it significantly increased the frequency and severity of RLS. Patients with RLS at baseline
(19%) or who developed RLS during AI therapy (26.3%) reported statistically lower quality of sleep, higher
anxiety and depression, and worse QoL compared to patients who never reported RLS (54.7%).

Conclusion: Although Al therapy does not affect sleep quality, it may increase RLS frequency. The presence of RLS

Insomnia
Early breast cancer
Quality of life

could identify a group of EBC patients who may benefit from psychological support.

1. Introduction

Aromatase inhibitors (Als) are the standard adjuvant treatment for
postmenopausal women with hormone receptor (HR)-positive early
breast cancer (EBC) [1,2]. The commonly reported side effects of Als,
such as musculoskeletal symptoms and hot flashes, and the accompa-
nying psychological distress can potentially interfere with sleep, causing
or worsening insomnia [3-6].

Previous descriptive research revealed that sleep disturbances affect
between 30% and 50% of patients with cancer [7,8]: the prevalence
seems to be higher in EBC patients treated with chemotherapy and/or
radiotherapy in cross-sectional and longitudinal studies [9,10]. Data on
sleep disturbances in women taking Als are somewhat discordant: a

cross-sectional study showed a high prevalence of insomnia-related
symptoms among Als users [8], while another longitudinal study did
not show any significant change in subjective and objective sleep pa-
rameters in this population [9].

Restless legs syndrome (RLS) is a sensorimotor disorder character-
ized by an irresistible urge to move the legs, with typical worsening of
symptoms in the evening, night or during periods of inactivity and relief
with movement [11,12]. Therefore, RLS interferes with sleep, causes
daytime drowsiness and negatively affect patients’ quality of life (QoL)
[13].

Previous studies which explored insomnia in women receiving Als
did not evaluate RLS, which is diagnosed in a minority of cancer patients
[13,14]. Moreover, it is known that insomnia, anxiety, depression, and
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fatigue tend to cluster together [15], and also a strong association be-
tween RLS, depression, and anxiety has been well established in epide-
miological and clinical studies [14-19]. Since dopamine agonists are
effective in relieving symptoms of patients diagnosed with RLS, a
dopaminergic dysfunction is supposed to play a key role in the patho-
genesis of this disease [20,21]. However, the pathophysiology of RLS is
complex and other biologic system are under investigation, including
iron homeostasis and hormones [12,22]: in fact, it is known that RLS is
more common in women and that affects up to one in five pregnant
women during the third trimester [12,23]. The relationship between
hormones and RLS is still uncertain, although preclinical evidence has
shown a potential neuroprotective effect of estrogen on dopaminergic
neurons [24-26]. Moreover, the risk of developing Parkinson’s disease is
increased in postmenopausal women [27,28] and recent evidence sup-
ports the association between bilateral oophorectomy and risk of
developing RLS [29].

We hypothesized that sleep quality is worsened during Al therapy,
which might increase the frequency of RLS, potentially due to the pro-
found reduction in circulating estrogen levels: in fact, RLS could be a
contributor to the sleep disturbances reported by EBC patients.

The present study aimed to investigate the effect of Al therapy on
sleep disturbances and the possible association with RLS, anxiety,
depressive symptoms, and QoL.

2. Patients and methods

This is a prospective, single-center trial conducted at the Medical
Oncology Department and Breast Unit of Azienda Socio Sanitaria Ter-
ritoriale (ASST) Spedali Civili of Brescia (Italy), which was approved by
the local Ethics Committee and registered in the ClinicalTrials.gov
database with the identification number NCT02166281. The study
was conducted in collaboration with the Sleep Disorders Center of San
Raffaele Hospital in Milan (Italy).

The study’s primary endpoint was to evaluate the prevalence of sleep
disturbances after 3 months of Al treatment. The secondary endpoints
were: 1) to assess the prevalence of sleep disturbances at subsequent
timepoints; 2) to assess the longitudinal evolution of RLS, anxiety,
depression, and QoL; 3) to investigate the association between sleep
disturbances, RLS, anxiety, depression, and QoL.

As post-hoc analyses we evaluated the longitudinal evolution of sleep
disturbances, anxiety, depression, and QoL in patients with and without
RLS.

Eligibility criteria were the following: HR-positive EBC patients
(stage I-III according to American Joint Committee on Cancer staging)
receiving adjuvant Al therapy, postmenopausal status, willingness to
comply with the study procedures. Exclusion criteria were known
cognitive impairment or other major psychiatric disorders, altered
sensorium, or regularly taking any of the following medications: anti-
convulsants, alpha-2-delta ligands, dopamine agonists or antagonists,
histamine antagonists, oral iron tablets, opioids, selective serotonin re-
uptake inhibitors, and serotonin-norepinephrine reuptake inhibitors.
Written informed consent was obtained from all participants included in
the study.

Between March 2014 and November 2017, EBC patients consecu-
tively referring to the Oncology Department and Breast Unit of ASST
Spedali Civili Brescia and meeting the eligibility criteria were asked to
enter the study. To evaluate the presence and the severity of sleep dis-
turbances, RLS, anxiety, and depression and to assess the overall QoL,
the following validated questionnaires were administered:

- International RLS Study Group (IRLSSG) rating scale [30];

- Pittsburgh Sleep Quality Index (PSQI) [31];

- Insomnia Severity Index (ISI) [32];

- Hospital Anxiety and Depression Scale (HADS) [33], composed by
the anxiety subscale (HAS) and the depression subscale (HDS);

- Functional Assessment of Cancer Therapy — Breast (FACT-B) [34];
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A trained nurse administered the questionnaires longitudinally at the
following timepoints: at baseline (before starting Al therapy), and after
3, 6, 12, and 24 months after Al therapy initiation.

A subset of patients was asked to wear an actigraph (Philips® Acti-
watch 2) on the non-dominant wrist for seven consecutive nights at the
same timeline as the questionnaires’ compilation (at baseline, and after
3, 6, 12, and 24 months after Al therapy initiation). The patients were
also asked to record a sleep diary during this period to improve actig-
raphy’s specificity [35]. Actigraphic data were analyzed, scored through
a validated algorithm and used to extract the following sleep parame-
ters: time in bed (TIB), total sleep time (TST), sleep onset latency (SOL,
duration of time from light off to falling asleep), sleep efficiency (SE,
ratio between time asleep and time in bed), wake after sleep onset
(WASO, wake time after sleep onset), and number of awakenings. Sub-
sequently, these data were manually scored by a single-blinded sleep
specialist, who did not know the results of the questionnaires filled by
the patients during the same timepoint: every actogram was assigned a
score according to a visual analogue scale (VAS), ranging from 0 (good
sleep) to 10 (disturbed sleep).

2.1. Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics 23.
Categorical variables were expressed as frequencies and percentages,
and the distribution of continuous variables was summarized as mean
and 95% confidence interval (CI). After Kolmogorov-Smirnov tests, all
variables were treated as non-normal in distribution, hence only
nonparametric tests were used.

The sample size was calculated using the proc power of SAS Studio,
assuming a frequency of insomnia in cancer patients at baseline of 30%
(HO) [7,8] and an expected frequency of 50% during treatment (H1)
[36]. For an alpha error of 0.05 and a power of 80%, at least 181 patients
were needed to be enrolled. Estimating 10% of censored data, 200 pa-
tients were planned to be included.

Comparisons at fixed time points between groups (patients with RLS
versus patients without RLS) for nonparametric continuous variables
were performed by Mann-Whitney U test, while comparisons between
paired time points (e.g., baseline vs. three months) were performed with
Wilcoxon signed-rank test, and the evolution of each factor was assessed
in all the time points with Friedman test. We considered a scenario
where missing data were random, namely they were unrelated to the
study variables: for this reason, we didn’t apply any data imputation and
patients with missing data were simply excluded from the analyses [37].
In these analyses, we adopted a pairwise method of missing deletions,
except for the Friedman test, in which we deleted missing values with
the listwise method. Chi-square was used to compare categorized vari-
ables. All tests were two-sided, and a p-value < 0.05 was considered
statistically significant.

3. Results

A total of 200 consecutive EBC patients entered the study, but 40
patients (20%) were not compliant with completing the questionnaires
and were excluded from the analysis. All the remaining 160 patients
completed the questionnaire after 3 months and 143 patients completed
the 6, 12, and 24-month evaluation. The CONSORT diagram is shown in
Fig. 1.

The characteristics of the 160 assessable patients are listed in
Table 1. The majority of them had pT1 tumors and underwent conser-
vative surgery. Fifty-three patients (33%) had received previous either
neoadjuvant or adjuvant chemotherapy.

The prevalence of insomnia, RLS, anxiety, depression and QoL at
baseline is reported in Table 2. Noteworthy, sleep disorders were re-
ported with high frequency in these patients, as 96 of them (60%) had a
PSQI score above the threshold of insomnia; moreover, 60 patients
(37.5%) had a mild insomnia and 20 patients (14.6%) had a moderate or
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Excluded (n =40):

Completed baseline assessment and
were eligible to Al (n = 160)

‘ Al therapy initiation (n = 160)

‘ 160 pts completed the 3 months A

- Not compliant with completing the
various questionnaires

Excluded (n=17):
- Withdrawal due to personal

143 pts completed the 6, 12, and 24
months A

reasons (n = 10)
- Treatment change due side effects
m=7)

Legend: pts, patients; AI, aromatase inhibitor; A, assessment.

Fig. 1. CONSORT diagram.

Table 1
Characteristics of the patients at baseline.
N (%)
Number of patients 160
Median age (range) 63.7 (47-83)

Median BMI (range) 25.8 (18.4-39.1)

Surgery

Conservative 106 (67)

Mastectomy 52 (33)
pT

1 110 (71)

>2 45 (29)
pN

0 93 (64)

>1 53 (36)
Histological type

No Special Type (NST) 118 (75)

Others 39 (25)
Grading

G1 or G2 106 (68)

G3 51 (32)
HER2

Negative 137 (87)

Positive 21 (13)
Chemotherapy

No chemotherapy 107 (67)

Adjuvant 46 (29)

Neoadjuvant 7 (4)
Alcohol consumption

No 106 (79)
Smoke

No 111 (74)

BMI: body-mass index; pT: pathological tumor stage; pN: patholog-
ical nodal stage; G1: well differentiated tumor; G2: moderately
differentiated tumor; G3: undifferentiated tumor; HER2: human
epidermal growth factor receptor 2.

severe insomnia according to ISI. Thirty-four patients (21%) presented
RLS at baseline, which was moderate-to-severe in the vast majority. Mild
to moderate anxiety and depression were observed respectively in 47
(28.7%) and 21 (13.2%) patients. The mean FACT-B QoL score was
103.1 (100.4-105.8, 95% CI).

Table 3 shows the variation of insomnia and its severity, anxiety,
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depression, RLS severity, and QoL at baseline and after 3 months in the
160 fully assessable EBC patients. Mean values of PSQI, ISI, HAS, and
HDS did not significantly change, whereas mean RLS scores significantly
increased. As regards as QoL, total FACT-B scores significantly
decreased, being the physical and the social well-being dimensions more
susceptible to deterioration.

Considering the 143 patients who completed the questionnaires at all
time points, the same trend of change observed at 3 months for PSQI, ISI,
HAS, HDS, and FACT-B was maintained in the following months (Table 1
of Supplementary Materials).

As depicted in Table 4, the presence of RLS significantly correlated
with higher PSQI, ISI, HAS, and HDS and lower FACT-B scores both at
baseline and after 3 months. On the basis of these results as post-hoc
analyses, we subsequently evaluated the longitudinal changes of PSQI,
ISL, HAS, HDS and FACT-B scores in the 143 EBC patients, which were
stratified in 3 subgroups: 1) RLS-positive patients at baseline, 26 patients
(19%); 2) RLS-negative patients at baseline, who became positive during
follow-up, 36 patients (26.3%); 3) RLS-negative patients at baseline,
who remained negative throughout the whole observation period, 75
patients (54.7%).

Either patients with RLS at baseline or patients who developed RLS
afterwards reported lower quality of sleep, higher levels of anxiety and
depression at all time points (from baseline to 24 months after starting
Al, as showed in Fig. 2) as opposed to their negative counterpart. A
statistically significant worsening of QoL was also found in patients with
RLS compared to those without RLS: a 10-points mean gap was detected
between the two groups according to the FACT-B score.

Forty-six patients agreed to wear an actigraph at least one time for
seven consecutive nights: 110 actograms in total were obtained, of
which 104 were included in the final analysis due to technical problems
and/or actigraph misplacement in six of them. We collected 42 acto-
grams at baseline, 25 at 3 months, 17 at 6 months, 10 at 12 months, and
10 at 24 months after initiation of Al therapy. No statistical differences
in the parameters collected by actigraphy were observed among the
different time periods. The results are shown in Table 2 of Supplemen-
tary Materials.

Patients who did not report RLS symptoms showed better sleep pa-
rameters comparing to their counterpart reporting RLS symptoms in a
specific timeline. Particularly, TIB and WASO were longer in patients
reporting RLS, and SE was significantly worse. Furthermore, the blinded
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Table 2
Questionnaires’ scores at baseline.

N = 160 patients

IRLSSG rating scale
No RLS (%) 126 (79)
Yes RLS (%) 34 (21)
RLS severity
No RLS 126 (79)
G1 (%) 43
G2 (%) 23 (14)
G3 (%) 7(4)
G4 (%) 0(0)
IRLSSG rating scale
Mean value (95% CI) 3.0 (1.9-4.2)
Insomnia (PSQI)
No (%) 64 (40)
Yes (%) 96 (60)
PSQI
Mean value (95% CI) 7.5 (6.7-8.2)
Insomnia (ISI)
No (%) 80 (50)
Mild (%) 60 (37.5)
Moderate (%) 18 (11.3)
Severe (%) 2(1.3)
ISI
Mean value (95% CI) 7.9 (7.0-8.8)
Anxiety (HAS)
No (%) 114 (71.3)
Mild (%) 22 (13.1)
Moderate (%) 25 (15.6)
Severe (%) 0 (0)
HAS
Mean value (95% CI) 6.1 (5.4-6.8)
Depression (HDS)
No (%) 139 (86.9)
Mild (%) 10 (6.3)
Moderate (%) 11 (6,9)
Severe (%) 0 (0)
HDS
Mean value (95% CI) 3.5(2.9-4.2)

QoL (FACT-B)
Mean overall (95% CI)
Physical well-being (95% CI)
Social well-being (95% CI)
Emotional well-being (95% CI)
Functional well-being (95% CI)
Others (95% CI)

103.1 (100.4-105.8)
24.7 (24.2-25.3)
17.7 (16.9-18.5)
18.5(17.8-19.1)
14.8 (14.0-15.6)
27.4 (26.6-28.2)

RLS: restless legs syndrome; IRLSSG: International RLS Study Group; PSQL:
Pittsburgh Sleep Quality Index; ISI: Insomnia Severity Index; HAS: Hospital
anxiety subscale; HDS: Hospital depression subscale; QoL: quality of life; FACT-
B: Functional Assessment of Cancer Therapy — Breast.

Table 3
Questionnaires’ scores variation during Al therapy.
N =160 Baseline 3 months p value
IRLSSG rating scale 3.0 (1.9-4.2) 5.7 (4.2-7.3) < 0.001
PSQI 7.5 (6.7-8.2) 7.6 (6.9-8.4) 0.566
ISI 7.9 (7.0-8.8) 8.3(7.4-9.2) 0.246
HAS 6.1 (5.4-6.8) 5.9 (5.3-6.6) 0.535
HDS 3.5(2.9-4.2) 3.6 (3.0-4.2) 0.964
FACT-B 103.1 (100.4-105.8) 101.6 (98.6-104.6) 0.199
Physical well-being 24.7 (24.2-25.3) 23.7 (23.0-24.4) < 0.001
Social well-being 17.7 (16.9-18.5) 17.0 (16.2-17.8) 0.031
Emotional well-being 18.5(17.8-19.1) 18.8 (18.2-19.4) 0.114
Functional well-being 14.8 (14.0-15.6) 14.7 (13.8-15.5) 0.947
Others 27.4 (26.6-28.2) 27.4 (26.6-28.3) 0.616

Data are expressed by mean and 95% CI in brackets.

IRLSSG: International RLS Study Group; PSQI: Pittsburgh Sleep Quality Index;
ISI: Insomnia Severity Index; HAS: Hospital anxiety subscale; HDS: Hospital
depression subscale; QoL: quality of life; FACT-B: Functional Assessment of
Cancer Therapy — Breast.
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VAS score was higher in patients reporting RLS symptoms, exhibiting a
one-point total difference (p = 0.012). These results are shown in
Table 3 of Supplementary Materials.

4. Discussion

Als are the gold standard adjuvant treatment in EBC postmenopausal
patients [38]. Nearly 80-90% of women diagnosed with EBC in
high-income countries can expect long-term disease-free survival,
therefore it is becoming increasingly important to address the potential
long-term and late effects of treatments in cancer survivors [39].

The results of this study, whose primary aim was the assessment of
insomnia in EBC patients receiving Al therapy in the adjuvant setting,
showed a high proportion of patients with sleep disturbances at baseline.
This finding is consistent with the literature, confirming the relatively
high proportion of breast cancer patients suffering from sleep disorders
compared to the general cancer patients’ population [3,36,40]. How-
ever, there was no worsening of sleep disturbances during the admin-
istration of Als and this finding is similar to the results of a recently
published study [41]. As mentioned previously, insomnia often clusters
with anxiety and depression and consequently both parameters evalu-
ated by the HADS score did not change after the introduction of Als in
these patients.

To our knowledge, RLS has never been evaluated in EBC patients
receiving Als. This study revealed that RLS frequency is double among
EBC patients compared to the general population of healthy women
[16]. The higher prevalence of RLS found in the cancer patients’ pop-
ulation is consistent with this observation [13,14].

This study also showed a worsening of RLS during Al therapy. In our
series, the rate of RLS increased consistently after 3 months, either in
prevalence (35%) or severity, and remained stable during the next two
years of follow-up. This finding was not previously reported and the
underlying mechanisms are not clear: a possible explanation might be
the profound estrogen depletion caused by Als, since these hormones
possess neuroplastic and neuroprotective effects on dopaminergic neu-
rons [24-26,42]. This concept is further supported by a recent study by
Huo et al. who showed an increased risk of developing RLS in women
who underwent premenopausal bilateral oophorectomy [29]. However,
this result deserves confirmation in larger studies and may comprehend
RLS in the variegated spectrum of symptoms reported by EBC patients
during Al therapy [5,43].

Similar to other studies conducted in healthy subjects and in patients
with a variety of medical conditions, including cancer patients [13,14],
RLS was shown to correlate with higher levels of insomnia, anxiety,
depression, and with deterioration in QoL. Based on these data, we
explored the longitudinal trend of sleep disturbances, anxiety, depres-
sion, and QoL, stratifying our patients between those with pre-existing
or acquired RLS during Als and those without RLS. Our results showed
that scores referring to insomnia, anxiety, and depression remained
persistently high over time in patients with RLS, while QoL consistently
decreased. These results are of potential great interest, as they suggest
that the RLS questionnaire (whose completion time is only of a few
minutes) could identify a group of patients, who may benefit from
psychological or social support. Since these findings arise from a
post-hoc analysis, they deserve confirmation in a broader case series. In
addition, whether RLS is the cause or the effect within a cluster that
includes anxiety, depression, and insomnia, still remains an interesting
and controversial issue for further research.

The prospective design and the relatively large number of enrolled
EBC patients are the main strengths of this study. However, potential
limitations should be noted. First, the high proportion (20%) of patients
excluded from the analysis due to poor compliance in completing the
questionnaires. Other limitations are the absence of blood parameters,
the lack of adjusting for potential confounders (e.g., body-mass index,
cardiovascular diseases) and the single-center nature of the study.

In conclusion, AI therapy did not statistically worsen sleep
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Table 4
Changes in insomnia, anxiety, depression, and quality of life (QoL) according to presence or absence of restless legs syndrome (RLS) at baseline and after 3 months of Al
therapy.
Baseline p value 3 months p value
RLS No Yes No Yes
PSQI 6.8 (6.0-7.5) 10.3 (8.8-11.8) <0.001 6.6 (5.7-7.4) 7.6 (6.9-8.4) <0.001
ISI 7.2 (6.3-8.1) 11.4 (9.5-13.2) <0.001 6.6 (5.7-7.5) 9.8 (8.4-11.1) <0.001
HAS 5.3 (4.7-6.0) 8.5 (7.1-10.0) <0.001 4.5 (3.9-5.1) 8.9 (7.7-10.1) <0.001
HDS 3.0 (2.4-3.5) 5.5 (4.0-7.0) <0.001 2.4 (1.9-2.9) 5.8 (4.5-7.2) <0.001
FACT-B 105.3 (102.7-107.9) 93.4 (87.4-99.3) <0.001 107.5 (104.7-110.4) 89.7 (83.9-95.4) <0.001
Physical well-being 25.2 (24.8-25.7) 22.4 (21.0-23.7) <0.001 24.9 (24.3-25.5) 21.2 (19.9-22.6) <0.001
Social well-being 17.8 (17.0-18.7) 17.4 (15.4-19.3) 0.963 18.0 (17.1-18.8) 15.0 (13.4-16.5) 0.001
Emotional well-being 18.9 (18.3-19.6) 16.6 (15.1-18.0) 0.002 19.9 (19.4-20.5) 16.5 (15.2-17.8) <0.001
Functional well-being 15.4 (14.6-16.3) 12.1 (10.3-13.8) <0.001 16.1 (15.2-17.0) 11.8 (10.3-13.3) <0.001
Others 27.9 (27.1-28.7) 25.0 (23.2-26.8) 0.006 28.6 (27.6-29.6) 25.2 (23.7-26.6) <0.001

Data are expressed by mean and 95% CI in brackets.

RLS: restless legs syndrome; IRLSSG: International RLS Study Group; PSQI: Pittsburgh Sleep Quality Index; ISI: Insomnia Severity Index; HAS: Hospital anxiety
subscale; HDS: Hospital depression subscale; QoL: quality of life; FACT-B: Functional Assessment of Cancer Therapy — Breast.

RLS-positive at baseline,

RLS-negative at baseline, but RLS-positive during follow-up,

RLS-negative at baseline and during follow-up,

n=26(19%) n =36 (26.3%) n=75(54.7%)
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Fig. 2. Longitudinal changes (mean values and standard deviation) in PSQI, ISI, HAS, HDS, and FACT-B scores during Al therapy according to RLS status.

disturbances, anxiety, and depression in EBC patients, but led to a sig-
nificant increase in RLS. The presence of RLS symptoms allowed us to
identify a subgroup of patients characterized by worse anxiety,
depression, insomnia, and overall QoL that persisted over time, sug-
gesting that the IRLSSG rating scale questionnaire could be a simple and
effective tool to detect EBC patients who may need additional psycho-
logical help. The latter aspect deserves to be confirmed in a broader
prospective study.
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