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A graphical LASSO analysis 
of global quality of life, sub scales 
of the EORTC QLQ‑C30 instrument 
and depression in early breast 
cancer
Paula Poikonen‑Saksela1,5*, Eleni Kolokotroni2,5, Leena Vehmanen1, Johanna Mattson1, 
Georgios Stamatakos2, Riikka Huovinen3, Pirkko‑Liisa Kellokumpu‑Lehtinen4, 
Carl Blomqvist1 & Tiina Saarto1

We aimed to (a) investigate the interplay between depression, symptoms and level of functioning, 
and (b) understand the paths through which they influence health related quality of life (QOL) during 
the first year of rehabilitation period of early breast cancer. A network analysis method was used. 
The population consisted of 487 women aged 35–68 years, who had recently completed adjuvant 
chemotherapy or started endocrine therapy for early breast cancer. At baseline and at the first year 
from randomization QOL, symptomatology and functioning by the EORTC QLQ‑C30 and BR‑23 
questionnaires, and depression by the Finnish version of Beck’s 13‑item depression scale, were 
collected. The multivariate interplay between the related scales was analysed via regularized partial 
correlation networks (graphical LASSO). The median global quality of life (gQoL) at baseline was 
69.9 ± 19.0 (16.7–100) and improved to 74.9 ± 19.0 (0–100) after 1 year. Scales related to mental health 
(emotional functioning, cognitive functioning, depression, insomnia, body image, future perspective) 
were clustered together at both time points. Fatigue was mediated through a different route, 
having the strongest connection with physical functioning and no direct connection with depression. 
Multiple paths existed connecting symptoms and functioning types with gQoL. Factors with the 
strongest connections to gQoL included: social functioning, depression and fatigue at baseline; 
emotional functioning and fatigue at month 12. Overall, the most important nodes were depression, 
gQoL and fatigue. The graphical LASSO network analysis revealed that scales related to fatigue and 
emotional health had the strongest associations to the EORTC QLQ‑C30 gQoL score. When we plan 
interventions for patients with impaired QOL it is important to consider both psychological support 
and interventions that improve fatigue and physical function like exercise.

Trial registration: http:// www. clini caltr ials. gov/ (identifier number NCT00639210).

Abbreviations
BDI  Finnish modified version of Beck’s 13-item depression scale
BREX  Breast cancer and exercise trial
CS-coefficient  Correlation stability coefficient
gQoL  EORTC C30 global health status / quality of life scale
QOL  Health related quality of life (in general)
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EORTC QLQ-C30  European Organization for Research and Treatment of Cancer Quality of Life Ques-
tionnaire: Core questionnaire

EORTC QLQ-BR23  European Organization for Research and Treatment of Cancer Quality of Life Ques-
tionnaire: BReast cancer module

The incidence of early breast cancer is high and the prognosis is in most cases with modern treatments  excellent1 
which highlights the importance of understanding the factors which have effect on health related quality of life 
(QOL) after breast cancer treatments among survivors. The QOL concept has been highly influenced by WHO:s 
definition of health as health is a state of complete physical, mental, and social well-being, and not merely the 
absence of disease and  infirmity2. The concept of health related quality of life has been proposed to refer to the 
aspects of quality of life that are related to disease or its symptoms, however, both of these concepts are often 
used  interchangeably3.

During the active treatment period, side-effects influence the QOL of the early breast cancer patients and 
QOL has been found to be impaired as compared to the general  population4,5. During the first 12 months from 
the surgery spontaneous recovery will occur as side-effects usually decrease after chemotherapy cessation. Side-
effects related to the hormonal changes after chemotherapy and/or start of endocrine therapy also gradually 
 diminish6–9. However, in a previous study we showed that the QOL of breast cancer survivors was still impaired 
compared to a control population even 10 years after primary  treatment10. It is therefore important to have a 
better understanding of the factors associated to impaired QOL of the breast cancer survivors during the reha-
bilitation period to be able to plan correct interventions.

The EORTC QLQ-C30 instrument for assessing health related QOL of cancer patients has been widely used 
in oncological studies over the last  decades11–24. It consists of nine multi-item scales: five functional scales, three 
symptom scales, a global health and QOL scale and single item symptom  measures25. This instrument together 
with breast cancer specific module  BR2326 (currently  BR4527) takes into account the specific side-effect which 
are related to breast cancer treatments also during the rehabilitation period. As endocrine treatment lasts several 
years the systemic therapy side-effects are important negative factors to influence  QOL23. Depression is known to 
be a common symptom among breast cancer  patients9 and it needs to be also taken into account when studying 
reasons for impaired QOL. Depression is not included separately to the EORTC QLQ-C30 instrument.

To be able to target interventions for patients with impaired quality of life knowledge of which factors are the 
most important would be useful. BReast cancer and EXercise (BREX) trial is a prospective randomized controlled 
trial where patients with early breast cancer were randomized either to the 12-months exercise intervention group 
or the control group. We analysed the associations between depression (BDI), global health/quality of life (gQoL) 
and selected symptom and functioning scales of the QLQ-C30 and BR23 questionnaires during the first year of 
the rehabilitation period in BREX trial, using a network analysis method based on the network theory of mental 
disorders. According to  Borsboom28 this theory offers an alternative conceptualisation to the classical model 
of “certain illnesses causing certain symptoms”, focusing instead on the causal relations between the symptoms 
mediated by different biological, psychological and societal mechanisms. Symptoms form networks that can, if 
sufficiently strong, become self-sustaining and thereby stuck in a disorder state. Mental disorders can thus be 
understood as alternative stable states of strongly connected symptom networks.

In quality of life research, the observed/reported symptoms typically correlate with each other and it is impor-
tant to understand their interplay to grasp the causal complexity of the QoL outcome, e.g., in cancer patients. 
We therefore found the network theory the best conceptual basis for the present work and chose our method 
of analysis  accordingly29–32. Network analysis has previously been applied to examine the connections both at 
item and domain level of the 36-item Short Form Health Survey (SF-36), demonstrating its usefulness in health 
related QOL  research32. The analysis revealed that the global structure of this QOL instrument was dominant in 
all networks supporting the validity of this questionnaire’s subscales.

In the current study, the perceived health status as reflected by the gQoL item of the EORTC QLQ instrument 
is viewed as the outcome of complex interactions among symptoms and functioning measured by this instrument 
and the depression score measured by the BDI questionnaire.

The aim is to (a) explore the relationships among functions and symptoms, and how they are connected with 
gQoL, (b) to explore how these relationships change from baseline to one year of follow-up and (c) examine the 
importance of each scale in the network based on centrality analysis. The analysis was done in 487 breast cancer 
patients participating in an exercise intervention study during their first year of follow-up.

Patients and methods
Patients. The BREX study population consisted of 573 women aged 35–68 years, who had recently com-
pleted adjuvant chemotherapy or started endocrine therapy of early breast cancer. Patients were randomized to 
an exercise intervention group or to the control group as described in detail in previous publications. Randomi-
zation took place when patients completed adjuvant chemotherapy or started endocrine therapy of early breast 
cancer. One of the main endpoints of this trial, the effect of exercise intervention on the QOL after 1 and 5 years 
from randomization, has been published  elsewhere33,34.

The 1-year exercise intervention consisted of both supervised and home training. In this study we analyse 
the whole population not divided based on the intervention, since no significant QOL-difference was found 
between the two  groups35.

Detailed inclusion and exclusion criteria and the flow diagram of the participants through five years are pre-
sented in previous  publications33–35. In the present study we have used the follow up data from baseline and the 
one-year follow-up visit. From the 573 patients initially enrolled, 80 patients discontinued the trial during the first 
year (as they did not meet the inclusion criteria at baseline, or for personal reasons)35 and were excluded from 
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the analysis. Additionally, 6 patients that participated in the study only once during the first year were removed, 
leaving 487 patients for the final analysis.

In the final dataset, all questionnaires were missing for 10 and 20 patients at baseline and month 12 respec-
tively. The percentage of patients with missing questionnaire scale scores was 4% at both time points.

The study was conducted in accordance with the Declaration of Helsinki. The study protocol was approved 
by the ethical committee of the Helsinki University Hospital. The patients received oral and written information, 
and a written informed consent was obtained from all patients. All experiments were performed in accordance 
with relevant guidelines and regulations.

The BREX trial is registered in the Helsinki and Uusimaa Hospital District Clinical Trials Register (www. hus. 
fi) (trial number 210590) and at http:// www. clini caltr ials. gov/ (identifier number NCT00639210).

Methods. Clinical investigations, including basic laboratory safety tests and radiological examinations, were 
done according to the usual follow-up practice. The medical history of the patients was surveyed during the 
baseline visit for the BREX study after adjuvant treatment and included a medical examination and laboratory 
tests. In addition, the patients filled out a questionnaire covering QOL, basic demographics, and lifestyle issues. 
The same measurements were repeated after one year.

QOL and mental well-being: QOL was measured by the EORTC QLQ-C3025 with the breast cancer module 
supplement (BR-23)26. EORTC QLQ-C30 It consists of nine multi-item scales: five functional scales (physical, 
role, cognitive, emotional, and social); three symptom scales (fatigue, pain, and nausea and vomiting), and a 
global health and QOL scale. The Global health/QOL scale describes patients’ subjective quality of life and 
is based on two questions about physical condition and overall QOL and is abbreviated gQoL here. Several 
single-item symptom measures are also included (e.g., dyspnoea, appetite loss, sleep disturbance, constipation, 
and diarrhoea)25. Breast cancer specific module BR23 was introduced in 1996 to assess the impact of common 
breast cancer treatment modalities (surgery, chemotherapy, radiotherapy, or endocrine treatment) upon women’s 
well-being26.

Depressive symptoms were assessed by the Finnish modified version of Beck’s 13-item depression scale 
(BDI)36.

Missing data imputation. Missing data were imputed using the copyMean method in R package longitudi-
nalData. The method is designed for longitudinal data and is a variant of linear interpolation accounting for the 
shape of the mean population  trajectory37. This method has demonstrated effectiveness, exceeding or equalling 
the performance of other single imputation methods (e.g. cross-sectional mean or median, trajectory mean or 
median, last occurrence carried forward, linear or spline interpolation)37.

Univariate analysis. The correlation between gQoL with the other QLQ-C30 scales, QLQ-BR23 scales and 
BDI score were measured with the Spearman correlation coefficient. A correlation (absolute value) from 0.10 to 
0.29 was classified as weak, from 0.3 to 0.49 as moderate, and ≥ 0.50 as strong. Adjusted p-values were obtained 
using Benjamini and Hochberg method. A p-value < 0.05 was considered statistically  significant38,39.

Network construction. Symptoms and functions related to quality of life are typically associated with 
each other. However, an observed association between two variables might be misleading, i.e. not reflecting a 
genuine interaction between them. Such a spurious association can arise from a third variable (typically called 
confounder or controlling variable) that is a common cause of the two  variables29 The aims of the present work 
was to remove spurious associations and reveal the structure of the genuine interactions among symptoms and 
functions. To achieve this, we conducted an analysis of partial correlations visualized as networks (also known 
as Gaussian Graphical models (GGM)) for baseline and 12-month follow up. Each network consists of separate 
entities, termed ‘nodes’, and connections between them, termed ‘edges’. In our analysis, ‘nodes’ represent the 
BDI score, the gQoL and QLQ-C30 and BR23 symptom and functioning scales selected based on the magnitude 
of the Spearman correlation with gQoL (average rho between baseline and one year follow-up > 0.3). An ‘edge’ 
reflects the association between two nodes after controlling for all other nodes in the network (partial cor-
relation). Edge thickness is proportional to the magnitude of the partial correlation. Network analysis helps to 
tackle complex associations among a large number of entities and enables the visual and quantitative perception 
of such  associations30. Compared to association networks, where each edge represents a zero-order correla-
tion, partial correlation networks discern predictive effects and takes us one step closer to causal relationships. 
More precisely, in a partial correlation network, the edges connected to a single node are analogous to the 
regression coefficients obtained in a multiple regression model, where the dependent variable is the node under 
 consideration30 Moreover, representing partial correlations, the edges are considered indicative of causal rela-
tions between the connecting  nodes30,40.

We followed standard procedures as described  in29,41 using the R package qgraph41. Following suggestions in 
Johnson and Creech (1983), Norman (2010), Sullivan and Artino (2013), Zumbo and Zimmerman (1993)42–45, 
we treated scales with less than 7 levels as ordinal, otherwise as having a continuous interval scale. A correla-
tion matrix was initially computed using the cor_auto function, consisting of Pearson correlations between 
continuous scales, polyserial correlations between continuous and ordinal scales, and polychoric correlations 
between ordinal scales. The use of polychoric correlations in the case of ordinal data has proved efficient when 
estimating partial correlation  networks46. Following, we employed the graphical LASSO (EBICglasso algorithm)47 
to perform regularized estimation of the partial correlation  networks47. Regularization serves two purposes. 
The first is to compute partial correlations (from zero-order correlations) between all pairs of variables, i.e. the 
association between two variables that remains after eliminating the influence of all other variables. The second 

http://www.hus.fi
http://www.hus.fi
http://www.clinicaltrials.gov/
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is to shrink small, likely spurious associations to zero, returning a sparse network, i.e. a network that is not 
fully connected, but contains as few connections as possible to parsimoniously explain the observed covariance 
among  variables30,41. It is noted that LASSO will always return a sparse network, regardless of the density of the 
underlying true  network31.We find the assumption of a sparse underlying true network plausible in the case of a 
quality of life network. We expect each symptom to directly interact with certain symptoms and functions and we 
don’t consider likely everything to interact with one another. The level of sparsity of the estimated networks was 
selected by minimizing the extended Bayesian information criterion (EBIC). The EBIC tuning hyperparameter, 
γ, was set to the recommended value 0.548, that results in a sparser and, hence, more interpretable network and 
avoids most spurious edges. The method does not require significance testing. Networks were visualized accord-
ing to Fruchterman-Reingold  layout49. Nodes that are connected with more and stronger edges tend to be shown 
near each  other50. The approach allows a visual inspection of the grouping of  nodes51,52.

Modularity analysis. We investigated the existence of subgroups of nodes (communities) using the R 
package  igraph53. A community is defined as a subgroup of nodes within a network characterized by denser 
connections between its members than with the rest of the  network54. We used three algorithms to identify 
communities, namely optimal55, spinglass56,57 and walktrap58. The community structure with the higher modu-
larity score was selected. Modularity is a widely used metric that expresses the quality of a network’s division 
into  communities59. It depends only on the choice of the communities (or clusters) in the network. The higher 
the modularity score of a community structure, the denser the within-community connectivity compared to 
between-community connectivity, and, hence, the better the quality of the structure. In a weighted network the 
modularity of a specific division of the network into communities, is the sum over all communities of the total 
weight of the edges in a community minus the total weight expected by chance in the  community53,60. A modu-
larity score approximately 0.3 or more indicates a good community  structure60 When the modularity score is 
zero, the within–community connectivity does not differ from the one expected by  chance60,61. The maximum 
value of modularity is 1.

Node importance. Node importance was evaluated with the centrality indices of strength, closeness and 
 betweenness62–65. Strength sums the weights of the edges (absolute values) that stem from the node. A node 
with high strength has a strong direct connectivity with other nodes. Closeness is the inverse of the sum of the 
distances of the node of interest from all the other nodes in the network. The distance between two nodes is 
the length of the shortest path between them, i.e., the sum of the inverse of the absolute edge weights that com-
prise the path. A node with high closeness will affect other nodes quickly or will be quickly affected by changes 
in another node, via both direct and indirect connections. Betweenness is defined as the number of geodesics 
(between all pairs of nodes) that pass through the node of interest. A node with high betweenness is important 
in connecting other nodes.

Network stability and accuracy. We assessed the accuracy of networks’ structure using the R package 
bootnet, following the  guidelines41. We performed three types of analysis. Firstly, we assessed network stability 
by reconstructing the network in case-dropping bootstraps of decreasing size. If a large proportion of cases is 
allowed to be dropped, before the order of edge weights or centralities becomes unstable, the results are consid-
ered interpretable. We computed the correlation stability coefficient (CS-coefficient) that expresses the maxi-
mum proportion of dropped cases, such that the correlation between the original and the bootstrap network is 
at least (cor =) 0.7 with a 95% probability. It is suggested CS-coefficient to be at least 0.25 and preferably above 
0.5 for edge weights or centralities to be considered  stable41. Secondly, we investigated the sampling variability in 
edge-weights by estimating 95% confidence intervals (CIs) around them via non-parametric bootstrap (resam-
pling with replacement). Thirdly, we tested for significant differences between different edge weights and differ-
ent node strength-centralities via non-parametric bootstrap. The latter method does not include correction for 
multiple testing. We computed 1000 bootstrapped networks for each analysis.

Temporal network comparison. We compared the networks at baseline and month 12 using two types 
of analysis. We first computed the Spearman correlation between the edge weights of the two networks. Follow-
ing this we evaluated the differences between the networks by using the permutation-based statistical test in R 
package NetworkComparisonTest66. By performing random permutations, the method produces a reference dis-
tribution of differences under the null hypothesis that the networks are equal. The observed difference is evalu-
ated against the reference distribution yielding the p-value. The following were tested for significant differences 
between the two time points: edge weights, node strength-centralities, global strength (absolute sum of edge 
weights) and network structure (maximum absolute difference in edge weights)66. Regarding edge weights and 
node strength-centralities, the test was performed without correction for multiple testing. Because the networks 
refer to one patient group, we applied the dependent version of the test. It is noted that the test has not been vali-
dated for dependent data. We computed 5000 permutations. A significance level of 0.005 was considered. Finally, 
we calculated the difference in edge weights between the two time points by subtracting the corresponding 
adjacency matrices (absolute values). The differences were visualized as a network using the R package qgraph.

Ethical approval and informed consent. This study involves human participants and the experiments 
comply with the current laws of the countries in which they were performed. The patients received oral and writ-
ten information, and a written informed consent was obtained from all patients.
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Results
Patient characteristics. The median age of patients was 52 years (range 35–68). One hundred and eighty 
five (35%) patients were lymph node positive. Two hundred thirty-five (48%) patients were operated with breast 
conserving surgery and two hundred fifty-two (52%) with mastectomy. Four hundred forty five (91%) patients 
received chemotherapy and four hundred and five (83%) received endocrine therapy. Two hundred and sixty-
two patients were postmenopausal and two hundred and twenty-five (46%) were premenopausal. Baseline char-
acteristics of the 487 analysed patients are described in the Supplement Table  1. Table  1 presents QOL and 
depression at baseline and 12-month follow up in the whole population and separately according to the rand-
omization groups.

Univariate analyses. Correlations of gQoL with symptoms, functioning and depression at baseline and 
month 12 are reported in Table 2. All scales showed statistically significant correlations with gQOL, with the 
exception of symptom scales ´diarrhea´ and ´upset by hair loss´ at baseline.

At baseline, gQoL correlated strongly (> 0.5) with fatigue, depression and role functioning. Moderate cor-
relations (0.3–0.5) were observed between gQoL with physical, emotional, social and cognitive functioning, 
body image, future perspective, pain and systemic therapy side effects. At month 12, gQoL correlated strongly 
with fatigue, depression, physical, emotional and role functioning, as well as pain. Moderate correlations were 
observed between gQoL with future perspective, systemic therapy side effects, social and cognitive functioning, 
body image, arm symptoms, financial difficulties, insomnia, sexual functioning and enjoyment and nausea/
vomiting.

Only scales characterized by medium to strong correlations with gQoL (average rho over first year > 0.3) are 
considered in the subsequent network analysis. These are fatigue, depression, all the functional scales (emotional 

Table 1.  Health related quality of life at baseline and 12-month follow up measured by the EORTC QLQ-C30 
and -BR23 and the BDI questionnaires. EORTC-QLQ-C30: Quality of Life Questionnaire-Core instrument 
(QLQ-C30) of the European Organization for Research and Treatment of Cancer (EORTC) study group on 
quality of life of cancer patients, EORTC-QLQ-BR23: BReast cancer specific module of the EORTC -QLQ, BDI: 
Finnish modified version of Beck’s 13-item depression scale, QOL: Quality Of Life, SD: standard deviation. The 
depression score and the symptom scores have been reversed to follow the functioning scales interpretation, 
i.e. a higher score indicates a lower level of symptoms and a better state of the patient.

Mean ± SD (range)

Baseline Month 12

EORTC-QLQ-C30 scales

Global QoL 69.9 ± 19.0 (16.7–100) 74.9 ± 19.0 (0–100)

Physical functioning 82.4 ± 15.7 (33.3–100) 85.0 ± 15.0 (20–100)

Role functioning 86.7 ± 19.2 (0–100) 89.8 ± 18.0 (0–100)

Social functioning 87.4 ± 19.4 (0–100) 93.9 ± 15.1 (0–100)

Emotional functioning 82.4 ± 17.5 (0–100) 83.9 ± 17.6 (0–100)

Cognitive functioning 84.6 ± 19.5 (0–100) 85.1 ± 19.2 (0–100)

Fatigue 72.6 ± 18.6 (0–100) 77.3 ± 18.9 (0–100)

Insomnia 69.3 ± 29.2 (0–100) 73.7 ± 30.0 (0–100)

Pain 83.0 ± 18.9 (16.67–100) 81.6 ± 22.0 (0–100)

Nausea and vomiting 96.8 ± 9.6 (16.67–100) 98.0 ± 6.7 (33.33–100)

Dyspnea 93.6 ± 14.7 (0–100) 94.0 ± 15.8 (0–100)

Appetite loss 95.0 ± 14.7 (0–100) 97.3 ± 10.1 (33.33–100)

Constipation 88.9 ± 19.1 (0–100) 89.1 ± 19.7 (0–100)

Diarrhea 94.4 ± 14.7 (0–100) 94.7 ± 14.4 (0–100)

Financial difficulties 88.7 ± 21.9 (0–100) 94.2 ± 17.4 (0–100)

EORTC-QLQ-BR23 scales

Body Image 63.7 ± 27.4 (0–100) 74.9 ± 25.7 (0–100)

Sexual functioning 29.7 ± 26.2 (0–100) 34.1 ± 27.5 (0–100)

Sexual enjoyment 39.5 ± 36.2 (0–100) 43.7 ± 36.2 (0–100)

Future perspective 55.0 ± 28.8 (0–100) 64.2 ± 26.6 (0–100)

Systemic therapy side effects 78.4 ± 13.8 (27.78–100) 83.5 ± 12.0 (16.67–100)

Breast symptoms 81.4 ± 16.3 (16.67–100) 88.2 ± 14.2 (16.67–100)

Arm symptoms 82.0 ± 18.2 (11.11–100) 81.8 ± 18.7 (11.11–100)

Upset by hair loss 59.3 ± 35.5 (0–100) 92.5 ± 22.3 (0–100)

BDI

Depression 35.4 ± 3.8 (11–39) 35.9 ± 3.9 (14–39)
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functioning, physical functioning, role functioning, social functioning, cognitive functioning), pain, insomnia, 
financial difficulties, body image, future perspective, systemic therapy side-effects, and arm symptoms.

Network structure. Figure 1 depicts the networks between gQoL, functioning, symptoms and depression, 
at baseline and 12-month follow up. Relatively dense regularized networks were constructed by EBIC glasso, 
having 74 (70.5%) and 68 (64.8%) nonzero edges, out of 105 possible ones, at baseline and month 12, respec-
tively. Analysis of network stability and accuracy (Supplement Table 2 and Supplement Figs. 1–3) indicate that 
the networks are fairly stable and accurately estimated and support the following findings.

Edge weights (absolute values) range between 0.002 and 0.358 at baseline and between 0.002 and 0.333 at 
month 12. The strongest associations that are consistently evident in both networks are between insomnia—
depression (edge weights: M0:0.307, M12:0.334), emotional functioning—depression (M0:0.310, M12:0.264), 
body image—depression (M0:0.225, M12:0.276), future perspective—body image (M0:0.358, M12:0.277), physi-
cal functioning—fatigue (M0:0.301, M12:0.241) and role functioning—social functioning (M0:0.240, M12:0.271). 
Almost all edges that disappear in month 12 have low weights (< 0.09) at baseline. A characteristic exception 
is between physical functioning—cognitive functioning (M0:0.143, M12:0). All edge weights are reported in 
Supplement Table 3.

At baseline, gQoL is connected directly by edges of very low weight (< 0.03), or not connected at all, with 
the symptom scales systemic therapy side-effects, pain, arm symptoms, and insomnia. Characteristic paths that 
connect systemic therapy side-effects with gQoL go through fatigue and social functioning, the main path that 
connects pain and arm symptoms with gQoL goes through role functioning, whereas insomnia is connected with 
gQoL primarily through depression. Furthermore, no direct connection is evident between gQoL and cognitive 
functioning or future perspective. At month 12 the partial correlation of future perspective and the symptom 
scales of systemic therapy side-effects, pain, arm symptoms with gQoL seems to increase.

Table 2.  Correlations (Spearman’s rho) of global health/QOL with symptoms, functioning and depression at 
baseline and 12-month follow up. EORTC-QLQ-C30: Quality of Life Questionnaire-Core instrument (QLQ-
C30) of the European Organization for Research and Treatment of Cancer (EORTC) study group on quality of 
life of cancer patients, EORTC-QLQ-BR23: BReast cancer specific module of the EORTC -QLQ, BDI: Finnish 
modified version of Beck’s 13-item depression scale, QOL: Quality Of Life. The depression score and the 
symptom scores have been reversed to follow the functioning scales interpretation, i.e. a higher score indicates 
a lower level of symptoms and a better state of the patient. P-values for correlation coefficients were calculated 
by two-sided t-test and were adjusted using Benjamini and Hochberg method. *p < 0.05; **p < 0.01; ***p < 0.001.

Global health/QOL

Baseline Month 12

EORTC-QLQ-C30 scales

Physical functioning 0.48*** 0.53***

Role functioning 0.50*** 0.52***

Social functioning 0.45*** 0.45***

Emotional functioning 0.45*** 0.52***

Cognitive functioning 0.38*** 0.46***

Fatigue 0.55*** 0.58***

Insomnia 0.33*** 0.33***

Pain 0.34*** 0.54***

Nausea and vomiting 0.26*** 0.30***

Dyspnea 0.23*** 0.25***

Appetite loss 0.21*** 0.21***

Constipation 0.14* 0.16**

Diarrhea 0.07 0.19***

Financial difficulties 0.28*** 0.34***

EORTC-QLQ-BR23 scales

Body image 0.43*** 0.42***

Sexual functioning 0.21*** 0.31***

Sexual enjoyment 0.25*** 0.33***

Future perspective 0.34*** 0.48***

Systemic therapy side effects 0.35*** 0.47***

Breast symptoms 0.27*** 0.26***

Arm symptoms 0.28*** 0.39***

Upset by hair loss 0.16 0.27***

BDI

Depression 0.52*** 0.56***
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Based on visual inspection, scales related to mental health (depression, body image, future perspective, 
emotional functioning, cognitive functioning, insomnia) are clustered together at both time points. The modu-
larity analysis identified four sub-groups at baseline and two sub-groups at month 12. However, the modularity 
scores, Q, are low (M0: Q = 0.22, M12: Q = 0.23) indicating that the networks do not have a strong community 
structure. At baseline the four detected sub-groups are: (1) arm symptoms—pain, (2) future perspective—body 
image—financial difficulties (3) insomnia—depression—emotional functioning—cognitive functioning and (4) 
social functioning—role functioning—physical functioning—systemic therapy side effects—fatigue—gQoL. At 
month 12 the above subgroups are merged into two: (1) Future perspective—body image—financial difficulties—
insomnia—depression—emotional functioning—cognitive functioning and (2) arm symptoms—pain—social 
functioning—role functioning—physical functioning—systemic therapy side effects—fatigue—gQoL.

Node importance. Stability analysis (Supplement Table 2) indicates that the order of node strength is stable 
under sub setting cases (CS(cor = 0.7) > 0.5), whereas the stability of closeness is moderate (CS(cor = 0.7) > 0.25), 
for both time points. Contrarily, CS-coefficients for betweenness fail to reach the minimum threshold of 0.25. 
Thus, results are interpretable for node strength and closeness.

Figure 2 shows the centrality indices (standardized z-scores.) at baseline and month 12. At baseline, the most 
central node is depression, as it has the highest strength and closeness. Important nodes in terms of strength are 
also physical functioning, fatigue and emotional functioning and in terms of closeness are gQoL, fatigue, physical 
functioning, insomnia, and emotional functioning. The least important nodes are arm symptoms and financial 
difficulties. At 12 months follow up, the most important nodes in terms of strength are gQoL, BDI, fatigue and 
pain and the least important nodes are arm symptoms and insomnia. In terms of closeness the most important 
nodes are gQoL, emotional functioning, fatigue and depression and the least important is arm symptoms.

Temporal network comparison. The Spearman correlation between the edge weights of the networks at 
baseline and month 12 is rho = 0.62 (p < 0.001), indicating a moderate similarity of the two networks. Figure 3 
highlights the differences in edge weights between the two networks. The difference network is characterized 
by weak connections, with the strongest one being 0.17 (absolute value/ referring to edge pain-arm symptoms). 
The mean difference in edge weight is 0.04. According to the network comparison test, no edge differed signifi-
cantly at the 0.005 level between baseline and Month 12. In terms of strength centrality, a statistically significant 
increase was observed only for financial impact. The p-values are given in Supplement Tables 4 and 5. Finally, no 
statistically significant difference was found for network structure (p = 0.30) and global strength (p = 0.16). This 
means that the network is fairly stable over time. It is noted, however, that we cannot exclude the possibility that 
the test does not have enough statistical power to detect significant changes in our data.

Discussion
Quality of life describes a person’s ability to enjoy normal life activities. The baseline in this study reflects the 
QOL of breast cancer survivors who have recently completed chemotherapy or started endocrine therapy. The 
follow-up time in the present analysis is one year from randomization. We know from the literature that the QOL 
of breast cancer survivors decreases during and after adjuvant  treatments5–8 but will usually improve during the 
first year, as published also from this patient cohort  earlier34.

Figure 1.  Networks constructed via graphical LASSO visualizing the regularized partial correlations between 
global health/QoL, symptoms, functioning and depression, measured by EORTC-QLQ C30, EORTC-QLQ B23 
and BDI questionnaires, at baseline and 12-month follow up. Green edges represent positive partial correlations 
and red edges negative ones. Thicker and more saturated edges represent stronger partial correlations. Edges 
with absolute weight above 0.05 are displayed. The distance between two nodes reflects the absolute edge weight 
between them (Fruchterman–Reingold layout). All edge weights are reported in Supplement Table 3. The 
depression score and the symptom scores have been reversed to follow the functioning scales interpretation, i.e. 
higher score indicates a lower level of symptoms and a better state of the patient.
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To our knowledge this is the first study of the interplay and correlation structure between BDI depression 
scale and the EORTC QLQ-C30 and BR23 functional, symptom and gQoL scales in breast cancer patients using 
network analysis, namely graphical LASSO method. In addition to studying the association network between 
the different items in the EORTC QLQ-C30-scale we also included the BDI-questionnaire, since depression is 
common during the early rehabilitation after a cancer  diagnosis67.

The present analysis treats QOL as a network of interacting components according to the network theory 
described in the Introduction, using psychometric scales/domains as components. The network visualizes (regu-
larized) partial correlations between pairs of psychosocial scales, with the effect of the rest of the scales removed. 
Even though cross-sectional analysis of this type (weighted but undirected networks) cannot confirm causal-
ity among scales, the presence of a connection between two components of the network suggests a plausible 

Figure 2.  Centrality plots for graphical LASSO networks at baseline and 12 month follow up. The strength, 
closeness and betweenness of each node are depicted as standardized z-scores. Abbreviations: gQoL: Global 
Quality of Life, PF: Physical functioning, RF: Role functioning, SF: Social functioning, CF: Cognitive 
functioning, EF: Emotional functioning, BDI: Depression score, Ftg: Fatigue, Ftr: Future perspective, Body: 
Body image, Pain: Pain, SdE: Systemic therapy side effects, Ins: Insomnia, Arm: Arm symptoms, Fnn: Financial 
Difficulties.
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candidate for a relationship between cause and effect. On the other hand, the absence of a connection implies 
that one component cannot have caused the other.

Scales to be included in the network analysis were selected based on Spearman test. Most of the functional 
scales showed medium to strong correlation with gQoL, but as trial inclusion took place after chemotherapy 
certain side-effects that were especially related to surgery (breast symptoms) or chemotherapy (nausea, hair 
loss, diarrhea) showed weak or even insignificant correlation with gQoL and did not exceed the threshold for 
inclusion in the network. Some side-effects had a stronger correlation to the gQoL after one year as presented 
in Table 2. One explanation may be that long-term side-effects are more difficult to tolerate than short-term 
reversible symptoms.

Depression and fatigue are known to be strong predictors for breast cancer patients’  QOL34,67 as published also 
from this study at baseline in  201134. This was also the case after one year as we report here. Based on network 
analysis the connection of depression with gQoL at baseline is strong and direct, while after 1 year two major 
paths are evident, a direct one and a path through emotional functioning. However, since the temporal differences 
in network did not reach statistical significance one should interpret this apparent difference with caution. At 
baseline also social functioning had a strong correlation with gQoL. Fatigue (measured with EORTC QLQ-C30) 
had a strong and direct correlation with gQoL both at baseline and after one year from randomization. Fatigue 
is defined as a distressing, persistent, subjective sense of physical, emotional, and/or cognitive tiredness related 
to cancer or cancer therapy, that is not proportional to recent activity and interferes with usual  functioning68. 
Fatigue has a multidimensional nature. In many studies fatigue has been associated to mental  health69–71 and 
psychological interventions have been suggested. In the present study, however, fatigue was strongly associated to 
physical function both at baseline and after 12 months. In a systematic review Abrahams et al. also reported that 
fatigue has a significant correlation with physical functioning in 10 out of 12  studies69. Based on visual inspec-
tion and the modularity analysis, scales related to mental health are clustered together at both time points while 
fatigue is associated with gQoL through other links. Our study supports the importance of physical function for 
fatigue and suggests that fatigue may be a target for intervention as several meta-analyses have shown that it can 
be eased with  exercise72–76. In a previous publication we showed that both fatigue and physical function scores 
of the participants in the present study improved during the first year simultaneously with improving exercise 
habits and measurements of cardiorespiratory  fitness35.

Changes in nodes of high centrality are expected to have considerable influence over the network. The high 
centrality of depression and fatigue in the networks suggests they would be important targets for intervention to 
improve QOL of breast cancer patients during the treatment and the early follow-up period. However, centrality 
indices in cross-sectional, undirected networks can only generate  hypothesis77. A node may have high centrality 
because it influences many other nodes or it is influenced by many other nodes in the network. Interventions 
targeting highly central nodes can be effective only if these nodes causally influence other nodes in the network, 
i.e. cause other symptoms or impair functioning, and not vice versa.

The strengths of the present study include a large sample of patients and the fairly homogenous treatment 
including endocrine and cytotoxic adjuvant therapies in most of the cases. The main limitation is the exclusion 

Figure 3.  Difference network. Each edge corresponds to the difference in the absolute value of edge weights 
between the baseline and month 12. Green lines represent an increase in the absolute value of edge weight from 
baseline to month 12 and red lines a decrease. Thicker and more saturated lines represent a higher difference. 
Differences of absolute value above 0.04 are displayed.
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of patients with poor general health not able to attend the planned exercise intervention. Another limitation is 
the lack of the gQOL scores before diagnosis and treatment. However, it would be almost impossible to over-
come this limitation in any study design. Moreover, in partial correlation networks definite conclusions about 
the nature and direction of interactions cannot be drawn. The observed connections can represent either direct 
causal relations or reciprocal causation, can be the result of latent common causes not accounted for in the study 
or arise from semantic overlap between scales. Future research may endeavour to reproduce these results and can 
be extended to examine the impact of sociodemographic, lifestyle, clinical and treatment factors. Additionally, 
the effect of various personality traits (e.g. optimism, conscientiousness, meaningfulness, etc.) on the network 
structure should be investigated.

Conclusions
The graphical LASSO networks give us information that may be of help to plan interventions during the early 
rehabilitation period of breast cancer patients during the treatments and follow-up. In targeting interventions 
aimed at improving health-related QOL it is important to consider both psychological support and interventions 
that improve physical function, such as exercise.

Received: 6 June 2021; Accepted: 25 January 2022

References
 1. Harbeck, N. & Gnant, M. Breast cancer. Lancet 389, 1134–1150 (2017).
 2. World Health Organization. Constitution of the World Health Organization 48th edn. (Basic Documents of the World Health 

Organization, 2014).
 3. Karimi, M. & Brazier, J. Health, health-related quality of life, and quality of life: What is the difference?. Pharmacoeconomics 34, 

645–649 (2016).
 4. Schoormans, D., Czene, K., Hall, P. & Brandberg, Y. The impact of co-morbidity on health-related quality of life in breast cancer 

survivors and controls. Acta Oncol. 54, 727–734 (2015).
 5. Schmidt, M. E., Wiskemann, J. & Steindorf, K. Quality of life, problems, and needs of disease-free breast cancer survivors 5 years 

after diagnosis. Qual. Life Res. 27, 2077–2086 (2018).
 6. Härtl, K. et al. Personality traits and psychosocial stress: Quality of life over 2 years following breast cancer diagnosis and psycho-

logical impact factors. Psychooncology 19, 160–169 (2010).
 7. Penttinen, H. et al. Quality of life of recently treated patients with breast cancer. Anticancer Res. 34, 1201–1206 (2014).
 8. Traore, B. M. et al. Evolution of quality of life in patients with breast cancer during the first year of follow-up in morocco. BMC 

Cancer 18, 109 (2018).
 9. So, W. K. W. et al. Symptom clusters experienced by breast cancer patients at various treatment stages: A systematic review. Cancer 

Med. https:// doi. org/ 10. 1002/ cam4. 3794,2531- 2565 (2021).
 10. Roine, E. et al. Long-term health-related quality of life of breast cancer survivors remains impaired compared to the age-matched 

general population especially in young women. Results from the prospective controlled BREX exercise study. Breast 59, 110–116 
(2021).

 11. Brandberg, Y. et al. Quality of life in women with breast cancer during the first year after random assignment to adjuvant treat-
ment with marrow-supported high-dose chemotherapy with cyclophosphamide, thiotepa, and carboplatin or tailored therapy with 
fluorouracil, epirubicin, and cyclophosphamide: Scandinavian breast group study 9401. J. Clin. Oncol. 21, 3659–3664 (2003).

 12. Brandberg, Y. et al. Long-term (up to 16 months) health-related quality of life after adjuvant tailored dose-dense chemotherapy vs. 
standard three-weekly chemotherapy in women with high-risk early breast cancer. Breast Cancer Res. Treat. 181, 87–96 (2020).

 13. Groenvold, M., Fayers, P. M., Petersen, M. A. & Mouridsen, H. T. Chemotherapy versus ovarian ablation as adjuvant therapy for 
breast cancer: Impact on health-related quality of life in a randomized trial. Breast Cancer Res. Treat. 98, 275–284 (2006).

 14. Hopwood, P. et al. Comparison of patient-reported breast, arm, and shoulder symptoms and body image after radiotherapy for 
early breast cancer: 5-Year follow-up in the randomised standardisation of breast radiotherapy (start) trials. Lancet Oncol. 11, 
231–240 (2010).

 15. King, M. T. et al. Quality of life after breast-conserving therapy and adjuvant radiotherapy for non-low-risk ductal carcinoma 
in situ (BIG 3-07/TROG 07.01): 2-Year results of a randomised, controlled, phase 3 trial. Lancet Oncol. 21, 685–698 (2020).

 16. Kool, M. et al. Long term effects of extended adjuvant endocrine therapy on quality of life in breast cancer patients. Breast 24, 
224–229 (2015).

 17. Marta, G. N. et al. A critical evaluation of quality of life in clinical trials of breast cancer patients treated with radiation therapy. 
Ann. Palliat. Med. 6, S223–S232 (2017).

 18. Martín, M. et al. Toxicity and health-related quality of life in breast cancer patients receiving adjuvant docetaxel, doxorubicin, 
cyclophosphamide (TAC) or 5-fluorouracil, doxorubicin and cyclophosphamide (FAC): Impact of adding primary prophylactic 
granulocyte-colony stimulating factor to the tac regimen. Ann. Oncol. 17, 1205–1212 (2006).

 19. Munshi, A. et al. Comparison of early quality of life in patients treated with radiotherapy following mastectomy or breast conserva-
tion therapy: A prospective study. Radiother. Oncol. 97, 288–293 (2010).

 20. Nguyen, J. et al. EORTC QLQ-BR23 and FACT-B for the assessment of quality of life in patients with breast cancer: A literature 
review. J. Comp. Eff. Res. 4, 157–166 (2015).

 21. Schmidt, M. E. et al. Effects of resistance exercise on fatigue and quality of life in breast cancer patients undergoing adjuvant 
chemotherapy: A randomized controlled trial. Int. J. Cancer 137, 471–480 (2015).

 22. Schwentner, L. et al. Short term quality of life with epirubicin-fluorouracil-cyclophosphamid (FEC) and sequential epirubicin/
cyclophosphamid-docetaxel (EC-DOC) chemotherapy in patients with primary breast cancer—Results from the prospective 
multi-center randomized adebar trial. Breast 27, 69–77 (2016).

 23. van Nes, J. G. et al. Quality of life in relation to tamoxifen or exemestane treatment in postmenopausal breast cancer patients: A 
tamoxifen exemestane adjuvant multinational (team) trial side study. Breast Cancer Res. Treat. 134, 267–276 (2012).

 24. Winters, Z. E. et al. Patient-reported outcomes and their predictors at 2- and 3-year follow-up after immediate latissimus dorsi 
breast reconstruction and adjuvant treatment. Br. J. Surg. 103, 524–536 (2016).

 25. Aaronson, N. K. et al. The European organization for research and treatment of cancer QLQ-C30: A quality-of-life instrument for 
use in international clinical trials in oncology. J. Natl. Cancer Inst. 85, 365–376 (1993).

 26. Sprangers, M. A. et al. The european organization for research and treatment of cancer breast cancer-specific quality-of-life ques-
tionnaire module: First results from a three-country field study. J. Clin. Oncol. 14, 2756–2768 (1996).

https://doi.org/10.1002/cam4.3794,2531-2565


11

Vol.:(0123456789)

Scientific Reports |         (2022) 12:2112  | https://doi.org/10.1038/s41598-022-06138-2

www.nature.com/scientificreports/

 27. Bjelic-Radisic, V. et al. An international update of the eortc questionnaire for assessing quality of life in breast cancer patients: 
EORTC QLQ-BR45. Ann. Oncol. 31, 283–288 (2020).

 28. Borsboom, D. A network theory of mental disorders. World Psychiatry 16, 5–13 (2017).
 29. Constantini, G. et al. State of the at personality research: A tutorial on network analysis of personality data in r. J. Res. Pers. 54, 

13–29 (2015).
 30. Epskamp, S. & Fried, E. I. A tutorial on regularized partial correlation networks. Psychol. Methods 23, 617–634 (2018).
 31. Epskamp, S., Kruis, J. & Marsman, M. Estimating psychopathological networks: Be careful what you wish for. PLoS ONE 12, 

e0179891 (2017).
 32. Kossakowski, J. J. et al. The application of a network approach to health-related quality of life (HRQoL): Introducing a new method 

for assessing HRQoL in healthy adults and cancer patients. Qual. Life Res. 25, 781–792 (2016).
 33. Penttinen, H. et al. Effectiveness of a 12-month exercise intervention on physical activity and quality of life of breast cancer sur-

vivors; five-year results of the BREX-study. In Vivo 33, 881–888 (2019).
 34. Penttinen, H. M. et al. Quality of life and physical performance and activity of breast cancer patients after adjuvant treatments. 

Psychooncology 20, 1211–1220 (2011).
 35. Saarto, T. et al. Effectiveness of a 12-month exercise program on physical performance and quality of life of breast cancer survivors. 

Anticancer Res 32, 3875–3884 (2012).
 36. Beck, A. T., Rial, W. Y. & Rickels, K. Short form of depression inventory: Cross-validation. Psychol. Rep. 34, 1184–1186 (1974).
 37. Genolini, C., Jacqmin-Gadda, R. & Jacqmin-Gadda, H. Copy mean: A new method to impute intermittent missing values in 

longitudinal studies. Open J. Stat. 3, 26–40 (2013).
 38. Cohen, J. (ed.) Statistical Power Analysis for the Behavioral Sciences 2nd edn. (Erlbaum, 1988).
 39. Cohen, J. A power primer. Psychol. Bull. 112, 155–159 (1992).
 40. McNally, R. J. Can network analysis transform psychopathology?. Behav. Res. Ther. 86, 95–104 (2016).
 41. Epskamp, S., Borsboom, D. & Fried, E. I. Estimating psychological networks and their accuracy: A tutorial paper. Behav. Res. 

Methods 50, 195–212 (2018).
 42. Johnson, D. R. & Creech, J. C. Ordinal measures in multiple indicator models: A simulation study of categorization error. Am. 

Sociol. Rev. 48, 398–407 (1983).
 43. Norman, G. Likert scales, levels of measurement and the “laws” of statistics. Adv. Health Sci. Educ. Theory Pract. 15, 625–632 

(2010).
 44. Sullivan, G. M. & Artino, A. R. Jr. Analyzing and interpreting data from likert-type scales. J. Grad. Med. Educ. 5, 541–542 (2013).
 45. Zumbo, B. D. & Zimmerman, D. W. Is the selection of statistical methods governed by level of measurement?. Can. Psychol. 34, 

390–400 (1993).
 46. Epskamp, S. Regularized Gaussian Psychological Networks: Brief Report on the Performance of Extended BIC Model Selection. arXiv 

preprint, arXiv: 1606. 05771 (2016).
 47. Friedman, J., Hastie, T. & Tibshirani, R. Sparse inverse covariance estimation with the graphical lasso. Biostatistics 9, 432–441 

(2008).
 48. Foygel, R. & Drton, M. Extended bayesian information criteria for gaussian graphical models. Adv. Neural Inf. Process. Syst. 23, 

2020–2028 (2010).
 49. Fruchterman, T. M. J. & Reingold, E. M. Graph drawing by force-directed placement. Softw.: Pract. Exp. 21, 1129–1164 (1991).
 50. Gibson, H., Faith, J. & Vickers, P. A survey of two-dimensional graph layout techniques for information visualisation. Inf. Vis. 

12(3–4), 324–357 (2013).
 51. Jones, P. J., Mair, P. & McNally, R. J. Visualizing psychological networks: A tutorial in R. Front. Psychol. 9, 1742 (2018).
 52. Rodrigues, E., Milic-Frayling N. & Smith M. Group-in-a-Box Layout for Multi-Faceted Analysis of Communities. Paper presented 

at the third IEEE conference on social computing, Boston, USA, 9–11 October 2011 (2011).
 53. Csardi, G. & Nepusz, T. The igraph software package for complex network research. Complex Syst. 1695, 1–9 (2006).
 54. Radicchi, F., Castellano, C., Cecconi, F., Loreto, V. & Parisi, D. Defining and identifying communities in networks. Proc. Natl. Acad. 

Sci. USA 101, 2658–2663 (2004).
 55. Brandes, U. et al. Onmodularity clustering. IEEE Trans. Knowl. Data Eng. 20, 172–188 (2008).
 56. Reichardt, J. & Bornholdt, S. Statistical mechanics of community detection. Phys. Rev. E Stat. Nonlinear Soft Matter Phys. 74, 016110 

(2006).
 57. Traag, V. A. & Bruggeman, J. Community detection in networks with positive and negative links. Phys. Rev. E Stat. Nonlinear Soft 

Matter Phys. 80, 036115 (2009).
 58. Pons, P. & Latapy, M. Computing Communities in Large Networks Using Random Walks. In ISCIS 2005. Lecture Notes in Computer 

Science Vol. 3733 (eds Yolum, P. et al.) 284–293 (Springer, 2005).
 59. Malliaros, F. & Vazirgiannis, M. Clustering and community detection in directed networks: A survey. Phys. Rep. 533(4), 95–142 

(2013).
 60. Newman, M. E. Analysis of weighted networks. Phys. Rev. E Stat. Nonlinear Soft Matter Phys. 70, 056131 (2004).
 61. Fornito, A., Zalesky, A. & Bullmore, E. T. Chapter 9—Modularity. In Fundamentals of Brain Network Analysis (eds Fornito, A. et 

al.) (Academic Press, 2016). https:// doi. org/ 10. 1016/ B978-0- 12- 407908- 3. 00009-1.
 62. Barrat, A., Barthélemy, M., Pastor-Satorras, R. & Vespignani, A. The architecture of complex weighted networks. Proc. Natl. Acad. 

Sci. USA 101, 3747–3752 (2004).
 63. Boccaletti, S., Latora, V., Moreno, Y., Chavez, M. & Hwang, D. Complex networks: Structure and dynamics. Phys. Rep. 424, 175–308 

(2006).
 64. Newman, M. E. Scientific collaboration networks. II. Shortest paths, weighted networks, and centrality. Phys. Rev. E Stat. Nonlinear 

Soft Matter Phys. 64, 016132 (2001).
 65. Opsahl, T., Agneessens, F. & Skvoretz, J. Node centrality in weighted networks: Generalizing degree and shortest paths. Soc. Netw. 

32, 245–251 (2010).
 66. Van Borkulo, C. D., Boschloo, L., Kossakowski, J., Tio, P., Schoevers, R. A., Borsboom, D. & Waldorp, L. J. Comparing network 

structures on three aspects: A permutation test. https:// doi. org/ 10. 13140/ RG.2. 2. 29455. 38569 (2016).
 67. Luutonen, S., Sintonen, H., Stormi, T. & Salminen, E. Health-related quality of life during adjuvant radiotherapy in breast cancer. 

Qual. Life Res. 23, 1363–1369 (2014).
 68. Berger, A. M. et al. NCCN clinical practice guidelines cancer-related fatigue. J. Natl. Compr. Cancer Netw. 8, 904–931 (2010).
 69. Abrahams, H. J. G., Gielissen, M. F. M., Verhagen, C. & Knoop, H. The relationship of fatigue in breast cancer survivors with quality 

of life and factors to address in psychological interventions: A systematic review. Clin. Psychol. Rev. 63, 1–11 (2018).
 70. Bower, J. E. et al. Fatigue after breast cancer treatment: Biobehavioral predictors of fatigue trajectories. Health Psychol. 37, 1025–

1034 (2018).
 71. Reinertsen, K. V. et al. Fatigue during and after breast cancer therapy-a prospective study. J. Pain Symptom Manage. 53, 551–560 

(2017).
 72. Hilfiker, R. et al. Exercise and other non-pharmaceutical interventions for cancer-related fatigue in patients during or after cancer 

treatment: A systematic review incorporating an indirect-comparisons meta-analysis. Br. J. Sports Med. 52, 651–658 (2018).
 73. Kessels, E., Husson, O. & van der Feltz-Cornelis, C. M. The effect of exercise on cancer-related fatigue in cancer survivors: A 

systematic review and meta-analysis. Neuropsychiatr. Dis. Treat. 14, 479–494 (2018).

https://arxiv.org/abs/1606.05771
https://doi.org/10.1016/B978-0-12-407908-3.00009-1
https://doi.org/10.13140/RG.2.2.29455.38569


12

Vol:.(1234567890)

Scientific Reports |         (2022) 12:2112  | https://doi.org/10.1038/s41598-022-06138-2

www.nature.com/scientificreports/

 74. Meneses-Echávez, J. F., González-Jiménez, E. & Ramírez-Vélez, R. Effects of supervised exercise on cancer-related fatigue in breast 
cancer survivors: A systematic review and meta-analysis. BMC Cancer 15, 77 (2015).

 75. Juvet, L. K. et al. The effect of exercise on fatigue and physical functioning in breast cancer patients during and after treatment and 
at 6 months follow-up: A meta-analysis. Breast 33, 166–177 (2017).

 76. van Vulpen, J. K., Peeters, P. H., Velthuis, M. J., van der Wall, E. & May, A. M. Effects of physical exercise during adjuvant breast 
cancer treatment on physical and psychosocial dimensions of cancer-related fatigue: A meta-analysis. Maturitas 85, 104–111 
(2016).

 77. Fried, E. I. et al. Replicability and generalizability of posttraumatic stress disorder (ptsd) networks: A cross-cultural multisite study 
of ptsd symptoms in four trauma patient samples. Clin. Psychol. Sci. 6, 335–351 (2018).

Acknowledgements
This project has received funding from the European Union’s Horizon 2020 research and innovation programme 
under grant agreement No 777167. BREX trial was supported by the Finnish Breast Cancer Group. We thank 
Liisa Hakamies-Blomqvist for valuable comments.

Author contributions
P.P.-S. coordinated the work for this manuscript and took part to the interpretations of the results. P.P.-S. together 
with E.K. wrote the main manuscript text. C.B. created and preprocessed the data base and took part to the 
interpretations of the results. E.K. designed the methods, prepared the data for analysis, performed the statistical 
analyses, prepared  tables, figures and supplementary material. T.S., C.B., L.V., R.H. and P.-L.K.-L. took part to 
the original desing and data collection of the BREX trial. G.S. took part to the interpretations of the results. All 
authors reviewed and commented the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 06138-2.

Correspondence and requests for materials should be addressed to P.P.-S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-06138-2
https://doi.org/10.1038/s41598-022-06138-2
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

