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Abstract

Objective

Gynaecological cancer treatment impacts women’s physical and psychological health. Our
objective was to examine quality of life (QoL) in women with advanced gynaecological can-
cer at diagnosis and one year later, and to identify sociodemographic and clinical character-
istics associated with QoL.

Methods

Women with endometrial, ovarian or cervical cancer treated in Uppsala, Sweden 2012—
2019 were included. FIGO stage >1l was considered advanced gynaecological cancer,
whereas women in FIGO stage | were used as a control group. QoL was assessed with SF-
36. We obtained information on sociodemographic and clinical characteristics from medical
records and health questionnaires. Differences in QoL domains were tested with t-tests, a
mixed model ANOVA and multiple linear regression analyses.

Results

The study population (n = 372) included 150 (40.3%) women with advanced gynaecological
cancer. At diagnosis, women with advanced cancer reported lower physical (71.6 vs 81.8
(mean) p<0.05) and role functioning/physical scores (62.6 vs 77.2 (mean) p<0.05) than
women in FIGO stage I. One year later, women with advanced cancer reported higher
scores in the mental health domain (78.3 vs 73.2 (mean) p<0.05) than women in FIGO
stage |. However, no difference was found in the QoL scores of women with advanced dis-
ease one year after diagnoses when stratified by diagnosis. Women with a history of psychi-
atric iliness and higher BMI reported poorer physical and mental QoL at follow-up, while
advanced stage, level of education and smoking were not associated with QoL.

Conclusion

Women with advanced gynaecological cancer have equally good QoL one year after diag-
nosis as women with limited disease. Women with previous psychiatric illness and high BMI,
are at risk of impaired physical and mental health.

PLOS ONE | https://doi.org/10.1371/journal.pone.0287562 June 23, 2023

1/13


https://orcid.org/0000-0001-8962-4351
https://orcid.org/0000-0001-5527-8796
https://doi.org/10.1371/journal.pone.0287562
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0287562&domain=pdf&date_stamp=2023-06-23
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0287562&domain=pdf&date_stamp=2023-06-23
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0287562&domain=pdf&date_stamp=2023-06-23
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0287562&domain=pdf&date_stamp=2023-06-23
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0287562&domain=pdf&date_stamp=2023-06-23
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0287562&domain=pdf&date_stamp=2023-06-23
https://doi.org/10.1371/journal.pone.0287562
https://doi.org/10.1371/journal.pone.0287562
http://creativecommons.org/licenses/by/4.0/
mailto:gudlaug.sverrisdottir@akademiska.se
mailto:gudlaug.sverrisdottir@akademiska.se

PLOS ONE

Quality of life in advanced gynecological cancer

Competing interests: The authors have declared
that no competing interests exist.

Introduction

Every year, around 2200 women are diagnosed with endometrial, ovarian and cervical cancer
in Sweden [1]. In advanced cancer, FIGO stage >1I, the treatment is often a combination of
extensive surgery and chemotherapy and/or radiotherapy. The diagnosis and treatment impact
on these women’s quality of life (QoL), leaving them at risk of anxiety and depression and
impairing their physical and emotional functioning. Common problems in cancer survivors
are pain, fatigue, anxiety, distress and depression [2]. For most women, these problems
improve over the first year after diagnosis, while others report ongoing physical and mental
health problems [3]. It is desirable to identify individuals at risk of prolonged physical and
mental health problems, in order to offer the right support.

Previous studies indicate that the severity of surgery and pretreatment performance status
are predictive factors of poor QoL [4] along with disengaged coping at diagnosis (which is also
associated with greater stress [3]). Other factors associated with poor QoL are physical comor-
bidities, lower socioeconomic status and living alone [5, 6]. Younger age has been associated
with poorer emotional functioning while older patients show poorer physical functioning [7-
10]. Age can therefore influence quality of life in many ways and frailty of older patients can
further influence their oncological outcome [11]. In addition, advanced tumor stage, radio-
therapy and chemotherapy have been associated with poorer QoL [12].

In one meta-analysis the prevalence of depression in gynecological cancer patients was
23%, which was higher than for most other cancer diagnoses [13]. Women, in general, have
higher rates of anxiety and depression, and after cancer diagnosis more than 50% of women
reach subclinical or clinical levels of anxiety [14]. Anxiety usually improves with time and
treatment but persisting depression and diminished QoL have been associated with pain medi-
cation use at baseline and to holding back concerns [15].

In ovarian cancer the level of anxiety symptoms is higher than the corresponding level of
depressive symptoms and is highest prior to surgery, gradually decreasing thereafter. In this
cancer group the main determinants of distress are the presence of intestinal stoma, poor gen-
eral health status and residual disease [16]. However the overall QoL for ovarian cancer survi-
vors is generally good compared to healthy women, despite the persistence of psychological
and physical symptoms [17]. Although many adjust well after treatment, others, including
women with multiple recurrent disease, appear to have a more impaired QoL [18].

In endometrial cancer, obesity is associated with poorer QoL and physical functioning. Fur-
thermore, treatment with laparoscopy (vs laparotomy) and vaginal brachytherapy (vs external
beam radiation) is favorable. Sexual function outcomes seem dependent on age and time since
diagnosis [19]. In cervical cancer survivors, better QoL is found in women with a current occu-
pation, a longer time since treatment, and among those who have undergone hysterectomy (vs
chemo and radiotherapy) [20]. In long-term survivors of both cervical and endometrial cancer,
cervical cancer patients report more anxiety, dysphoria, anger and confusion, while both
groups report depression to a similar extent [5].

The treatment of women with gynecological cancers is decided mainly by their FIGO
(International Federation of Gynecology and Obstetrics) stage, where women in FIGO stage I
are usually only treated with surgery while women in stage >1I (i.e., advanced cancer) are
most often treated with chemotherapy and/or radiotherapy with or without surgery. Previous
studies often include women in all FIGO stages, and information is lacking on the differences
in QoL of women with advanced disease (and treatment) compared to women with localized
disease. Thus, the aim of this study was to examine QoL in women with advanced gynecologi-
cal cancer at diagnosis and one year later, compared with women with earlier tumor stage.
Furthermore, we aimed to identify the sociodemographic and clinical characteristics of each of
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the eight QoL domains at the one-year follow-up. Due to worse prognosis in combination
with extended treatment we hypothesized that women with advanced cancer would have
poorer QoL one year after diagnosis than women in stage L.

Material and methods
Study design and data source

This was a cross-sectional analysis of data obtained from the Uppsala-Umed Comprehensive
Cancer Consortium (U-CAN), Sweden. The U-CAN study was initiated in 2010 by Uppsala
and Umead Universities and their corresponding university hospitals. The aims of U-CAN are
to gather a high-quality longitudinal biobank and a database of clinical information on a large
number of patients to facilitate translational and clinical research [21]. U-CAN is thus a sys-
tematic prospective longitudinal sampling of multidisciplinary clinical data, together with
blood and tissue samples from cancer patients. Gynecological cancers were included in
U-CAN from January 2012 and onwards, only with reference to patients from Uppsala Uni-
versity Hospital [21].

Participating in U-CAN includes giving blood samples, providing fresh frozen or formalin-
fixed paraffin embedded tissue specimens, undergoing radiology and answering question-
naires about different aspects of health and well-being. All patients included in the U-CAN
database gave written informed consent.

The study procedures were in accordance with ethical standards for human experimenta-
tion and the study was approved by the local ethics committee (DNR 2010-19811, 2020-
06824).

Study population

A total of 1232 women treated at the Uppsala University Hospital for endometrial, ovarian or
cervical cancer during 2012-2019 were eligible for inclusion in this study. The inclusion crite-
rion for the present study was completing the Short Form 36 Health Survey, version 2 (SF-36)
at diagnosis and at the one-year follow-up. Exclusion criteria were another histology, multiple
cancers, recurrent cancer and missing answers on the SF-36 at the one-year follow-up. The
final study population consisted of 372 women (Fig 1) where the most common cause for
exclusion was women not answering the SF-36 (n = 468).

Sociodemographic and clinical characteristics

Information on sociodemographic and clinical characteristics was obtained from the U-CAN
general health questionnaire and completed with data from medical records. Information
from medical records included cancer type (ovarian, endometrial or cervical cancer), number
of treatment modalities (1, 2 or 3), age, body mass index (BMI, kg/m?), American Society of
Anesthesiologists (ASA) score [22] (10, 20, 30 or 40) and FIGO stage (I or >II). Women in
FIGO stage >II were classified as having advanced gynecological cancer.

The following information was included from the U-CAN general health questionnaire:
number of comorbidities (including diabetes mellitus, hypertension, hypothyroidism, liver
disease, cardiac infarction, angina pectoris, cardiac failure, cerebral stroke/ischemia, high cho-
lesterol, lung disease, inflammatory bowel disease, kidney disease, previous cancer diagnosis),
smoking (yes or no), level of education (university or not university level), living situation
(with partner or living alone), alcohol consumption (units per week) and history of psychiatric
illness (yes or no). The information on psychiatric illness was further confirmed with data
from medical records.
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Women included in UCAN year 2012-2019
n=1232

Missing answer to SF-36 at diagnosis n=468

SF-36 answered at diagnosis and/or at one-year follow-up
n=764

Vulva/vaginal cancer, n=35

Multiple cancers, n=6

Recurrent cancer within a year from diagnosis, n=39

Histology: Benign, n=77, borderline n=48, non-
gynecological, n=10

SF-36 answered at diagnosis
and/or at one-year follow-up
n=549

{ Missing answer to SF-36 at one-year follow up, n=177

Final study population n=372

Fig 1. Flow chart defining the study population.
https://doi.org/10.1371/journal.pone.0287562.9g001

Quality of life

Quality of life at diagnosis and the one-year follow-up was assessed using the SF-36v, a multi-
purpose, short form health survey containing 36 questions across eight domains. The eight
domains of the SF-36v are designed to capture the most frequently measured issues in health
surveys and those that are most affected by disease and treatment [23], and include both physi-
cal (physical functioning, role functioning/physical, bodily pain, general health) and mental
(vitality, social functioning, role functioning/emotional, mental health) health. This question-
naire has been widely used since its publication in June 1992 and more than 2000 articles
including SF-36 have been published [24]. In Sweden the questionnaire was translated and
tested in the Swedish population in the years 1990-1991. Consequently, normative values for
the Swedish population are available, based on a study of 8930 individuals from seven different
areas in the country [25, 26].

Statistical analyses

Attrition analyses were carried out to examine differences in sociodemographic and clinical
characteristics between women who were included in the study (i.e., women answering the SF-
36 at both diagnosis and at the one-year follow-up) and non-responders (i.e., women answer-
ing the SF-36 only at diagnosis), using an independent-samples t-test. Data were presented
using descriptive statistics describing means and standard deviations (sd) (or median with
inter-quartile range [IQR], for non-normally distributed variables) for numerical variables and
numbers (n) and percentages (%) for categorical variables. Scores on each of the eight QoL
domains at diagnosis and at the one-year follow-up between women with advanced cancer
(i.e., FIGO stage >1I) or not (i.e., FIGO stage I) were compared using an independent-samples
t-test. Changes in QoL scores over time were analyzed with a mixed model ANOVA. The SF
36 scores of women with FIGO stage >II were further grouped according to gynecologic
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cancer diagnosis (endometrial and ovarian cancer) and compared with independent-samples
t-tests. Women with cervical cancer were not included due to low number of cases with
advanced disease. Sociodemographic and clinical characteristics in relation to each of the eight
QoL domains at the one-year follow-up were analyzed using multiple linear regression. The
results are presented as unstandardized B coefficients with 95% confidence intervals. All analy-
ses were carried out using IBM SPSS statistics 24 (IBM Corp. Released 2016. IBM SPSS Statis-
tics for Windows, Version 24.0. Armonk, NY: IBM Corp).

Results
Sample characteristics

Non-responders more often reported a history of psychiatric illness. Otherwise, no differences
in sociodemographic and clinical characteristics were noted between responders and non-
responders (S1 Table).

Sociodemographic and clinical characteristics of the study population by tumor stage are
shown in Table 1. There was a difference in the distribution of cancer diagnoses between stage
I and advanced cancer; the most common diagnosis in the advanced gynecological cancer
group was ovarian cancer (52.7%), whereas endometrial cancer (65.3%) dominated the stage I
group. Women with advanced cancer were on average older (mean 64 vs 58 years) and
received a greater number of treatments than women in stage I. In addition, they less fre-
quently reported a history of psychiatric illness (7% vs 18%), and were more often living with a
partner (76% vs 68%). No significant differences were found in alcohol consumption, smok-
ing, ASA score or BMI.

Quality of life

Scores on each of the eight QoL domains at diagnosis and at the one-year follow-up, by FIGO
stage, are shown in Table 2. Women with advanced gynecological cancer had lower scores in
physical functioning (mean = 71.6 [sd = 28.9] vs mean = 81.8 [sd = 20.7], p = 0.000) and role
functioning/physical (mean = 62.6 [sd = 34.0] vs mean = 77.2 [sd = 28.4], p = 0.001) at the
time of diagnosis. At the one-year follow-up, no differences between stage groups were
observed in these domains. However, women with advanced cancer scored higher in the men-
tal health domain than did women with stage I (mean = 78.3 [sd = 17.0] vs mean = 73.2

[sd = 21.5], p = 0001).

The group by time interaction showed a significant change over time between women with
advanced cancer and women in stage I for four of the domains; physical functioning (F(1,367)
=4.99; p = 0.026), role functioning/physical (F(1,355) = 4.44; p = 0.036), bodily pain (F(1,366)
= 1.65; p = 0.037) and vitality (F(1,363) = 0.56;p = 0.041). These interactions were driven by
women with advanced cancer who reported improvement at the one-year follow-up, whereas
the change over time was smaller in women with stage I cancer (Table 2).

A comparison with the Swedish population of the eight QoL domains at the time of diagno-
sis and at the one-year follow-up is shown in S2A and S2B Table. At the one-year follow-up
the scores for physical functioning, role functioning/physical and bodily pain were comparable
or higher than the Swedish population for both women with advanced disease and women
with stage I gynecologic cancer. However, vitality scores and social functioning were lower
than the population norm in both groups; respectively for stage I (mean = 58.7 [sd = 25.6] vs
population mean = 67.2, p = 0.000); (mean = 79.9 [sd = 27.10] vs population mean = 86.9,
p<0.001) and for advanced stage (mean = 62.7 [sd = 22.69] vs population mean = 67.2,

p =0.016); (mean = 81.7 [sd = 24.65] vs population mean = 86.9, p = 0.010).
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Table 1. Sociodemographic and clinical characteristics of the study population stratified by tumor stage.

FIGO stage I n = 222 (59.6%)  FIGO stage > II n = 150 (40.3%) | p -value
Cancer diagnosis 0.000
Ovarian 12 (5.4) 79 (52.7)
Endometrial 145 (65.3) 63 (42.0)
Cervical 65 (29.3) 8(5.3)
Number of treatment modalities® 0.000
1 165 (74.3) 19 (12.7)
2 51(23.0) 113 (30.4)
3 6(2.7) 18 (4.8)
Age, year (mean, range) 58 (25-86) 64 (24-85) 0.000
BMI, kg/m2 27 (18-61) 26 (19-49) 0.188
<25 82 (37.1) 60 (39.7) 0.960
25-30 79 (35.7) 54 (36.5) 0.498
>30 60 (27.2) 36 (23.8) 0.575
ASA classification 0.220
10 73 (36.0) 35 (24.6)
20 108 (53.2) 94 (66.2)
30 21(10.3) 13(9.2)
40 1(0.5) 0
Number of comorbidities 0.291
None 95 (43.3) 58 (42.3)
1 53 (25.9) 40 (29.2)
2 30 (14.6) 23 (16.8)
3 15 (7.3) 10 (7.3)
>4 12 (5.8) 6 (4.3)
History of psychiatric illness 0.000
Yes 34(17.5) 9 (7.0)
No 160 (82.5) 120 (93.0)
Smoking 0.603
Yes 23 (10.7) 23 (15.9)
No 191 (89.3) 122 (84.1)
Level of education 0.063
University 86 (43.2) 42 (31.6)
Non-university 113 (56.8) 91 (68.4)
Living situation 0.001
With partner 124 (68.8) 87 (76.3)
Living alone 59 (32.2) 27 (23.7)
Alcohol consumption 0.344
Alcohol units per week (mean, 2 (0-12) 2(0-13)

range)

Data presented as median, range or n (%). Valid percentages shown. Statistics by independent t-tests. Missing BMI

n = 1 missing ASA n = 27, missing number of comorbidities n = 30, missing for history of psychiatric illness n = 49,

missing smoking n = 13, missing level of education n = 40, missing living situation 45, missing alcohol consumption

n = 38.

.BMI = body mass index, ASA = American Society of Anesthesiologist Physical Status *Surgery, chemotherapy or

radiation therapy as possible treatment modalities.

https://doi.org/10.1371/journal.pone.0287562.t001
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Table 2. Mean scores on the SF-36 at diagnosis and one year after diagnosis, by FIGO stage.

At diagnosis One year after diagnosis Group by time
interaction
FIGO stageIn=222 |FIGOstage>1In=150 |p FIGO stage I FIGO stage > II P P value**
mean (SD) mean (SD) value* | mean (SD) mean (SD) value*
Physical Functioning 81.8 (20.7) 71.6 (28.9) 0.000 79.8 (22.0) 75.0 (23.6) 0.243 0.026
Role Functioning/ 77.2 (28.4) 62.6 (33.9) 0.001 77.8 (28.2) 69.7 (29.4) 0.139 0.036
Physical
Bodily Pain 76.7 (27.2) 70.3 (28.1) 0.947 76.9 (27.2) 77.1 (24.8) 0.153 0.037
General Health 66.7 (27.2) 65.8 (21.4) 0.517 65.6 (24.1) 66.8 (23.1) 0.476 0.885
Vitality 57.2 (24.5) 56.8 (24.3) 0.843 58.7 (25.6) 62.7 (22.7) 0.081 0.041
Social Functioning 75.9 (25.6) 71.5 (28.6) 0.126 79.9 (27.1) 81.7 (24.7) 0.109 0.119
Role Functioning/ 75.4 (28.8) 74.6 (28.5) 0.547 80.7 (26.9) 81.2 (24.4) 0.155 0.645
Emotional
Mental Health 62.7 (21.9) 66.6 (19.3) 0.109 732 (21.5) 78.3 (17.0) 0.001 0.563

*Means compared with t-test

** Change between groups over time by mixed ANOVA

https://doi.org/10.1371/journal.pone.0287562.t002

Mental health in stage I was lower at the one-year follow-up than in the Swedish population
(mean = 73.2 [sd = 21.5] vs population mean = 78.6, p = 0.000) (S2 Table).

The mean scores on the SF-36 domains for women with FIGO stage >II was further ana-
lyzed by gynecologic cancer diagnosis (Table 3). Women with advanced ovarian cancer had
lower scores than endometrial cancer patients at diagnosis in three domains; role functioning
physical (mean = 53.6 [sd = 35.4] vs mean = 72.3 [sd = 28.8], p = 0.01, bodily pain
(mean = 65.6[sd = 29.1] vs mean = 76.3[sd = 24.5], p = 0.002) and social functioning
(mean = 64.7[sd = 30.9] vs mean = 79.9[sd = 22.3], p = 0.001). No differences in SF-36 domain
scores were noted between women with advanced endometrial and ovarian cancer one year
after diagnosis.

Sociodemographic and clinical characteristics in relation to the eight QoL domains at the
one-year follow-up are shown in Table 4A (for physical health domains) and B (for mental
health domains). S3 Table provides this information divided by diagnosis.

Table 3. Comparison of the mean scores on the SF-36 for FIGO stage >1II ovarian and endometrial cancer at diagnosis and one year after diagnosis.

At diagnosis One year after diagnosis n = mean (SD)
Ovarian cancer n = mean | Endometrial cancer n = mean | p value* | Ovarian cancer n = mean | Endometrial cancer n = mean | p value*
(SD) (SD) (SD) (SD)

Physical Functioning 68.60 (31.13) 75.31 (25.41) 0.160 74.93 (23.15) 74.84 (24.59) 0.982
Role Functioning/ 53.63 (35.37) 72.27 (28.82) 0.010 66.93 (30.80) 71.19 (28.14) 0.394
Physical

Bodily Pain 65.56 (29.14) 76.27 (24.50) 0.020 76.27 (26.65) 78.33 (22.76) 0.625
General Health 63.67 (22.02) 68.51 (19.69) 0.173 66.42 (22.71) 66.42 (23.89) 0.999
Vitality 52.24 (24.22) 62.40 (22.75) 0.012 64.24 (22.71) 61.03 (22.15) 0.398
Social Functioning 64.74 (30.93) 79.88 (22.29) 0.001 79.58 (28.17) 83.01 (20.21) 0.416
Role Functioning/ 70.95 (30.73) 77.73 (25.89) 0.173 80.59 (24.77) 80.73 (24.57) 0.400
Emotional

Mental Health 54.62 (19.23) 68.36 (18.98) 0.248 78.73 (16.43) 77.24 (18.10) 0.973

*Means compared with t-test

https://doi.org/10.1371/journal.pone.0287562.t003
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Table 4. Multiple regression analyses for physical health (A) and mental health (B) one year after diagnosis.

A

Age

BMI 25-30 vs <25

BMI >30vs <25

History of psychiatric illness
Lower education (non-university)
Smoking

Number of comorbidities

FIGO stage > I1

Number of treatment modalities >1
Living alone

Alcohol consumption

B

Age

BMI 25-30 vs <25

BMI >30 vs <25

History of psychiatric illness

Lower education (non-university)
Smoking

Number of comorbidities

FIGO stage> II

Number of treatment modalities >1
Living alone

Alcohol consumption

Physical Functioning Role Functioning/Physical Bodily Pain General Health
B (95% CI) B (95% CI) B (95% CI) B (95% CI)
0.4 (-0.6-0.1) 0.1 (-0.4-0.2) 0.0 (-0.3-0.3) 0.1 (-0.3-0.2)
-7.9 (-14.9-0.9) -4.7 (-14.5-5.1) -0.7 (-9.6-8.1) -4.8 (-12.5-2.8)
-16.2 (-24.3-0.9) -11.7 (-23.1-0.3) -7.6 (-17.9-2.7) -9.9 (-18.8-1.0)

-7.1(-16.1-2.1) -14.1 (-27.1-1.3) -17.1 (-28.7-5.5) -16.2 (-26.1-6.2)
3.1(-3.1-9.2) -1.8 (-10.3-6.8) 1.3 (-6.5-9.1) -0.7 (-7.5-6.0)
3.9 (-4.8-12.7) -3.5(-15.7-8.7) -0.7 (-11.9-10.5) -3.6 (-13.3-6.1)
-1.7 (-4.4-0.8) -3.4(-6.9-0.3) -3.1 (-6.4-0.2) -2.9 (-5.8-0.1)
4.6 (-3.1-12.4) 2.1(-8.4-12.8) 4.4 (8-5.3-14.6) -2.4(-10.4-5.6)
7.9 (-15.2-0.8) -10.9 (-21.1-7.1) -5.3 (-14.6-4.0) 2.4 (-10.4-5.6)
0.9 (-4.2-2.4) 1.1 (-5.7-3.4) 0.0 (-4.1-4.2) -0.1 (3.4-0.9)
0.1 (-1.4-1.1) 0.5 (-2.2-1.2) 0.6 (-0.9-2.2) 0.2 (-1.1-1.6)
Vitality Social Functioning Role Functioning/Emotional Mental Health
B (95% CI) B (95% CI) B (95% CI) B (95% CI)
0.2 (-0.1-0.5) 0.4 (0.1-0.6) 0.3 (-0.0-0.5) 0.2 (-0.0-0.4)
-8.9 (-16.8-1.1) -5.1(-13.6-3.4) -5.4(-13.7-2.8) -3.4(-9.8-3.1)
-7.8 (-17.0-1.3) -9.1 (-19.0-0.7) -12.2 (-21.8-2.6) -6.4 (-13.9-1.1)
-16.3 (-26.6-6.1) -10.8 (-21.9-0.2) -14.6 (-25.4-3.6) -12.9 (-21.3-4.6)

1.6 (-8.5-5.3) 5.3 (-12.8-2.1) 1.7 (-5.5-9.0) 0.5 (-6.1-5.2)
-0.0 (-9.8-9.9) -7.4 (-18.1-3.3) -7.8 (-18.2-2.4) -0.1 (-8.2-7.9)
1.8 (-4.7-1.1) 2.9 (-6.1-0.2) -3.6 (-6.7-0.6) 1.6 (-4.1-0.7)
5.2 (-3.4-13.8) 23 (-6.9-0.2) 4.5 (-4.5-13.5) 3.7 (-3.2-10.8)
1.6 (-9.8-6.6) 2.6 (-11.4-6.3) 5.9 (-14.6-2.7) 1.2 (-7.9-5.5)
1.3 (-5.0-2.4) 1.6 (-5.6-2.4) 3.8 (-7.7-0.1) 1.7 (-4.8-1.3)
0.3 (-1.7-1) 1.2 (-2.7-0.3) 0.9 (-2.4-0.5) 0.5 (-1.6-0.7)

B: Beta unstandardized coefficient, CI: Confidence Interval. Significant values (P<0.05) marked as bold.

https://doi.org/10.1371/journal.pone.0287562.t1004

Older age, higher BMI and more than one treatment modality were associated with poorer
physical functioning (Table 4A). In terms of role functioning, BMI over 30, a history of psychi-
atric illness and higher number of treatment modalities were related to lower scores. For bodily
pain only a history of psychiatric illness was associated with lower scores and a history of psy-
chiatric illness was further associated with general health, where in addition BMI over 30 was
associated with a lower score.

For the mental health domains (Table 4B), BMI 25-30 and a history of psychiatric illness
were associated with lower scores on vitality. History of psychiatric illness was also related to
poorer scores in mental health and the role functioning/emotional domain. Only younger age
was associated with lower scores on social functioning, while for role functioning/emotional, a
BMI over 30 and comorbidities were associated to lower scores.

Smoking, level of education, FIGO stage, alcohol consumption and living situation were
not associated with any of the eight QoL domains.

Discussion

Interestingly, in this study, women with advanced gynecological cancer reported equally good
QoL compared to women with less advanced disease, and they even had better scores on
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mental health one year after diagnosis. Furthermore, they had greater improvements over time
for four health domains than women with local disease. On the other hand, a history of psychi-
atric illness and higher BMI were consistently associated with poorer QoL at the one-year fol-
low-up on both physical and mental health domains. In addition, more than one treatment
modality was associated with lower physical QoL one year after diagnosis.

Previous studies on QoL in gynecological cancer survivors are heterogeneous, including
different distribution of FIGO stage and within a different time frame from diagnosis and
treatment. Several studies conclude that gynecological cancer survivors have lower QoL com-
pared to healthy individuals [27-29] with higher rates of depression, anxiety and functional
impairments. In contrast, there are studies that find a good QoL among gynecological cancer
survivors. In a review article by Ahmed-Lecheheb et al. [17], women with ovarian cancer gen-
erally had good QoL compared to healthy women despite the persistence of psychological and
physical symptoms. In addition, a later study examined QoL in advanced ovarian cancer survi-
vors and found higher scores among these women than among healthy individuals when 8.5
or more years had passed since diagnosis, while their levels of physical activity were lower [18].
Furthermore, in a prospective study of Greimel et al. [4] estimating QoL of gynecological can-
cer patients at six points pre-to post treatment, their QoL was found comparable to breast can-
cer patients at one year follow-up, suggesting a significant improvement in QoL following
treatment. This is supported by another prospective study finding most improvements in QoL
at six months from treatment [12]. This suggests that gynecological cancer patients adjust over
time to their physical changes in recovery.

In our study we compared advanced gynecological cancer survivors to those in tumor stage
Iin order to elucidate the impact of higher tumor load, worse prognosis and more compelling
treatment (often with more than one treatment modality) on QoL. Furthermore, advanced
ovarian cancer is nowadays treated with a more aggressive surgical approach [30], hence
results from older studies might not be valid today. We hypothesized that extensive surgery
with potential long-time consequences would lead to worse QoL; however, this was not con-
firmed in our study population. The difference in physical and role functioning was only
noted at diagnosis, supporting the findings of previous studies that most improvements in
QoL occur within the first year [3]. However, we did find that more than one treatment modal-
ity was associated with lower scores in the physical functioning and role functioning physical
domains one year after diagnosis suggesting that more extensive treatment can lead to physical
sequela. Further, we did not find any difference in the QoL scores for women with advanced
cancer one year after diagnoses when stratifying by histology.

In our study the main predictive factors for both mental and physical health domains were
a history of psychiatric illness, and higher BMI. Regarding psychiatric illness it has previously
been shown that women with gynecological cancer have a higher prevalence of clinical depres-
sion than healthy individuals at diagnosis. Furthermore, it is suggested that within five years of
diagnosis the prevalence becomes equal to healthy controls [5], however further studies are
needed in this regard. In addition, it is not known how the psychiatric history affects quality of
life, but in our study, it was a predictor of lower mental and physical QoL. Surprisingly,
women with stage I disease had lower scores on mental health than women with advanced can-
cer one year after diagnosis, which might be due to a slightly higher rate of a history of psychi-
atric illness in this group. Future studies should examine in detail which psychiatric diagnoses
are predictive of worse outcome, and special attention should be given to women with a his-
tory of psychiatric illness at diagnosis.

BMI has previously been identified as a risk factor for poor QoL, further supported by a
recent review on QoL in endometrial cancer [19]. Presumably, this is due to higher BMI being
associated with lower activity levels and physical functioning [31]. Furthermore, similar
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findings have been seen in otherwise healthy individuals (without cancer) [32] and in gyneco-
logical cancer patients before treatment, compared with patients with normal BMI [33].
Accordingly, special attention should be paid to obesity in the follow-up of gynecologic cancer
patients. Furthermore, the QoL outcomes in our study were compared to the normal Swedish
population and in regard to physical domains the study population did not have worse out-
comes. However, regarding vitality and social functioning they had lower scores.

The strengths of this study are its relatively large size, with patients treated at the same hos-
pital using a validated questionnaire to assess QoL at diagnosis and after one year. The pro-
spective approach minimizes the risk of recall bias. The self-reported information on
comorbidity and psychiatric illness was completed with information from medical records,
which increases the validity of the data. We also had the advantage of including potential
sociodemographic confounders such as smoking, alcohol habits, level of education and living
situation. The study included three gynecological cancer types, which could be seen as a limita-
tion; however, we hypothesized that tumor load and the number of treatment modalities
reflected in a higher tumor stage were more important factors than the actual tumor site,
which was suggested in one previous study [34].

Some limitations should be addressed. Thirty-two percent of women answering the ques-
tionnaire at diagnosis did not return the one-year questionnaire. These women more often
had a history of psychiatric illness. This might indicate that our study cohort had a higher level
of well-being than the entire gynecological cancer population. Additionally, information con-
cerning psychiatric illness was reported at the time of the cancer diagnosis; consequently the
answers might be influenced by the situation. Further, the questionnaire SF-36 is not specifi-
cally designed to estimate the quality of life of cancer patients.

Our results indicate an overall good QoL one year after diagnosis of gynecological cancer. In
spite of this, there are women that health care providers should give special attention to at diag-
nosis without regard to tumor stage: women with a history of psychiatric illness and obesity.
The development of minimal invasive surgery and ERAS (enhanced recovery after surgery) pro-
tocols is positive in many aspects, but there is a risk that with a shorter hospital stay, the need
for physical and psychological rehabilitation might be overlooked. This is especially important
for women with psychiatric illness, who might not have the strength to seek help once they are
discharged. Perhaps developing a risk score for women with planned gynecologic cancer treat-
ment is possible to identify the women in need of additional psychiatric support, in line with
comorbidity scores already introduced in order to identify women with worse oncologic out-
comes [35]. There have already been studies showing that psychosocial interventions can
improve QoL [36] and further studies should focus on the implementation of such methods.

Conclusion

The QoL of women with advanced gynecological cancer appears to improve over time with
regards to physical functioning, role functioning physical, bodily pain and vitality. One year
after diagnosis these women report better QoL compared to women with limited disease and
even higher scores on mental health one year after diagnosis. However, women with previous
psychiatric illness and high BMI reported more impaired physical and mental health and may
need additional support. Greater attention to women with these risk factors may be warranted
before the start of treatment.

Supporting information

S1 Table. Attrition analysis between responders and non-responders.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0287562 June 23, 2023 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0287562.s001
https://doi.org/10.1371/journal.pone.0287562

PLOS ONE

Quality of life in advanced gynecological cancer

$2 Table. (A): Mean score on the SF36 at diagnosis by FIGO stage and the Swedish popula-
tion, females in age group 60-64. (B): Mean scores on the SF36 one year after diagnosis in the
study population by FIGO stage, and in the general Swedish population.

(DOCX)

S3 Table. Multiple regression analyses for physical health (A) and mental health (B) after one
year by diagnosis.
(DOCX)

Author Contributions

Data curation: Bj6rg Jonsdottir.

Formal analysis: Bjorg Jonsdottir, Anna Wikman.
Methodology: Inger Sundstrom Poromaa, Karin Stalberg.
Supervision: Karin Stalberg.

Visualization: Karin Stalberg.

Writing - original draft: Bjérg Jonsdottir.

Writing - review & editing: Anna Wikman, Inger Sundstrém Poromaa, Karin Stalberg.

References

1. NORDCAN AotNCR. Cancer fact sheet. Retreived from https://www-dep.iarc.f/NORDCAN/english/
frame.asp. 2021.

2. Aaronson NK, Mattioli V, Minton O, Weis J, Johansen C, Dalton SO, et al. Beyond treatment—Psycho-
social and behavioural issues in cancer survivorship research and practice. EJC Suppl. 2014; 12(1):54—
64. https://doi.org/10.1016/j.ejcsup.2014.03.005 PMID: 26217166

3. Lutgendorf SK, Anderson B, Ullrich P, Johnsen EL, Buller RE, Sood AK, et al. Quality of life and mood
in women with gynecologic cancer. Cancer. 2002; 94(1):131-40.

4. Greimel E, Thiel |, Peintinger F, Cegnar |, Pongratz E. Prospective assessment of quality of life of
female cancer patients. Gynecol Oncol. 2002; 85(1):140-7. https://doi.org/10.1006/gyno0.2002.6586
PMID: 11925134

5. Bradley S, Rose S, Lutgendorf S, Costanzo E, Anderson B. Quality of life and mental health in cervical
and endometrial cancer survivors. Gynecologic Oncology. 2006; 100(3):479-86. https://doi.org/10.
1016/j.ygyno.2005.08.023 PMID: 16185753

6. Mamguem Kamga A, Dumas A, Joly F, Billa O, Simon J, Poillot ML, et al. Long-Term Gynecological
Cancer Survivors in Cote d’Or: Health-Related Quality of Life and Living Conditions. Oncologist. 2019;
24(7):e490-e500.

7. Gil KM, Gibbons HE, Jenison EL, Hopkins MP, von Gruenigen VE. Baseline characteristics influencing
quality of life in women undergoing gynecologic oncology surgery. Health Qual Life Outcomes. 2007;
5:25. https://doi.org/10.1186/1477-7525-5-25 PMID: 17509145

8. Movsas B, Scott C, Watkins-Bruner D. Pretreatment factors significantly influence quality of life in can-
cer patients: a Radiation Therapy Oncology Group (RTOG) analysis. Int J Radiat Oncol Biol Phys.
2006; 65(3):830-5. https://doi.org/10.1016/j.ijrobp.2006.01.004 PMID: 16564646

9. Rowlands |J, Lee C, Janda M, Nagle CM, Obermair A, Webb PM, et al. Predicting positive and negative
impacts of cancer among long-term endometrial cancer survivors. Psychooncology. 2013; 22(9):1963—
71. https://doi.org/10.1002/pon.3236 PMID: 23239462

10. Woods LM, Rachet B, Coleman MP. Origins of socio-economic inequalities in cancer survival: a review.
Ann Oncol. 2006; 17(1):5-19. https://doi.org/10.1093/annonc/mdj007 PMID: 16143594

11. D’Oria O, Golia D’Auge T, Baiocco E, Vincenzoni C, Mancini E, Bruno V, et al. The role of preoperative
frailty assessment in patients affected by gynecological cancer: a narrative review. Italian Journal of
Gynaecology and Obstetrics. 2022; 34(02).

PLOS ONE | https://doi.org/10.1371/journal.pone.0287562 June 23, 2023 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0287562.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0287562.s003
https://www-dep.iarc.fr/NORDCAN/english/frame.asp
https://www-dep.iarc.fr/NORDCAN/english/frame.asp
https://doi.org/10.1016/j.ejcsup.2014.03.005
http://www.ncbi.nlm.nih.gov/pubmed/26217166
https://doi.org/10.1006/gyno.2002.6586
http://www.ncbi.nlm.nih.gov/pubmed/11925134
https://doi.org/10.1016/j.ygyno.2005.08.023
https://doi.org/10.1016/j.ygyno.2005.08.023
http://www.ncbi.nlm.nih.gov/pubmed/16185753
https://doi.org/10.1186/1477-7525-5-25
http://www.ncbi.nlm.nih.gov/pubmed/17509145
https://doi.org/10.1016/j.ijrobp.2006.01.004
http://www.ncbi.nlm.nih.gov/pubmed/16564646
https://doi.org/10.1002/pon.3236
http://www.ncbi.nlm.nih.gov/pubmed/23239462
https://doi.org/10.1093/annonc/mdj007
http://www.ncbi.nlm.nih.gov/pubmed/16143594
https://doi.org/10.1371/journal.pone.0287562

PLOS ONE

Quality of life in advanced gynecological cancer

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Zandbergen N, de Rooij BH, Vos MC, Pijnenborg JMA, Boll D, Kruitwagen R, et al. Changes in health-
related quality of life among gynecologic cancer survivors during the two years after initial treatment: a
longitudinal analysis. Acta Oncol. 2019; 58(5):790-800. https://doi.org/10.1080/0284186X.2018.
1560498 PMID: 30698069

Krebber AM, Buffart LM, Kleijn G, Riepma IC, de Bree R, Leemans CR, et al. Prevalence of depression
in cancer patients: a meta-analysis of diagnostic interviews and self-report instruments. Psychooncol-
ogy. 2014; 23(2):121-30. https://doi.org/10.1002/pon.3409 PMID: 24105788

Linden W, Vodermaier A, Mackenzie R, Greig D. Anxiety and depression after cancer diagnosis: preva-
lence rates by cancer type, gender, and age. J Affect Disord. 2012; 141(2-3):343-51. hitps://doi.org/
10.1016/j.jad.2012.03.025 PMID: 22727334

Gonzalez BD, Manne SL, Stapleton J, Myers-Virtue S, Ozga M, Kissane D, et al. Quality of life trajecto-
ries after diagnosis of gynecologic cancer: a theoretically based approach. Support Care Cancer. 2017;
25(2):589-98. https://doi.org/10.1007/s00520-016-3443-4 PMID: 27757706

Mielcarek P, Nowicka-Sauer K, Kozaka J. Anxiety and depression in patients with advanced ovarian
cancer: a prospective study. J Psychosom Obstet Gynaecol. 2016; 37(2):57-67. https://doi.org/10.
3109/0167482X.2016.1141891 PMID: 26939616

Ahmed-Lecheheb D, Joly F. Ovarian cancer survivors’ quality of life: a systematic review. Journal of
Cancer Survivorship. 2016; 10(5):789-801. https://doi.org/10.1007/s11764-016-0525-8 PMID:
26884372

Lutgendorf SK, Shinn E, Carter J, Leighton S, Baggerly K, Guindani M, et al. Quality of life among long-
term survivors of advanced stage ovarian cancer: A cross-sectional approach. Gynecol Oncol. 2017;
146(1):101-8. https://doi.org/10.1016/j.ygyno.2017.05.008 PMID: 28527672

Shisler R, Sinnott JA, Wang V, Hebert C, Salani R, Felix AS. Life after endometrial cancer: A systematic
review of patient-reported outcomes. Gynecol Oncol. 2018; 148(2):403—13. https://doi.org/10.1016/j.
ygyno.2017.11.007 PMID: 29150143

Dos Santos LN, Castaneda L, de Aguiar SS, Thuler LCS, Koifman RJ, Bergmann A. Health-related
Quality of Life in Women with Cervical Cancer. Rev Bras Ginecol Obstet. 2019; 41(4):242-8.

Glimelius B, Melin B, Enblad G, Alafuzoff |, Beskow A, Ahlstrom H, et al. U-CAN: a prospective longitu-
dinal collection of biomaterials and clinical information from adult cancer patients in Sweden. Acta
Oncol. 2018; 57(2):187-94. https://doi.org/10.1080/0284186X.2017.1337926 PMID: 28631533

Hocevar LA, Fitzgerald BM. American Society of Anesthesiologists Staging: StatPearls Publishing,
Treasure Island (FL); 2020 2020.

J W. SF-36 Health Survey Update. SPINE. 2000; 25(24):3130-9. https://doi.org/10.1097/00007632-
200012150-00008 PMID: 11124729

Ware J E.; Gandek B. Overview of the SF-36 Health Survey and the International Quality of Life Assess-
ment (IQOLA) Project. J Clin Epidemiol. 1998; 51(11):903—12. https://doi.org/10.1016/s0895-4356(98)
00081-x PMID: 9817107

Sullivan M, Karlsson J, Taft C, Ware JE. SF-36 halsoenkat: svensk manual och tolkningsguide = (Swed-
ish manual and interpretation guide). Goteborg:: Sahlgrenska sjukhuset, Sektionen for vardforskning;
2002. x, ca 200 s. med var. pag.: p.

Sullivan M KJ, Taft C. The Swedish SF-36 health survey. Evaluation of data quality, scaling assump-
tions, reliability and construct validity across general populations in sweden. Soc Sci Med. 1995; 41.

Shirali E, Yarandi F, Ghaemi M, Montazeri A. Quality of Life in Patients with Gynecological Cancers: A
Web-Based Study. Asian Pac J Cancer Prev. 2020; 21(7):1969-75. https://doi.org/10.31557/APJCP.
2020.21.7.1969 PMID: 32711422

Klapheke AK, Keegan THM, Ruskin R, Cress RD. Changes in health-related quality of life in older
women after diagnosis with gynecologic cancer. Gynecol Oncol. 2020; 156(2):475-81. https://doi.org/
10.1016/j.ygyno.2019.11.033 PMID: 31806400

Sekse RJ, Hufthammer KO, Vika ME. Fatigue and quality of life in women treated for various types of
gynaecological cancers: a cross-sectional study. J Clin Nurs. 2015; 24(3—4):546-55. https://doi.org/10.
1111/jocn.12647 PMID: 25040957

Hacker NF, Rao A. Surgery for advanced epithelial ovarian cancer. Best Pract Res Clin Obstet Gynae-
col. 2017; 41:71-87. https://doi.org/10.1016/j.bpobgyn.2016.10.007 PMID: 27884789

Smits A, Lopes A, Das N, Bekkers R, Galaal K. The impact of BMI on quality of life in obese endometrial
cancer survivors: does size matter? Gynecol Oncol. 2014; 132(1):137—41. https://doi.org/10.1016/}.
ygyno.2013.11.018 PMID: 24262880

Kolotkin RL, Andersen JR. A systematic review of reviews: exploring the relationship between obesity,
weight loss and health-related quality of life. Clin Obes. 2017; 7(5):273-89. https://doi.org/10.1111/cob.
12203 PMID: 28695722

PLOS ONE | https://doi.org/10.1371/journal.pone.0287562 June 23, 2023 12/13


https://doi.org/10.1080/0284186X.2018.1560498
https://doi.org/10.1080/0284186X.2018.1560498
http://www.ncbi.nlm.nih.gov/pubmed/30698069
https://doi.org/10.1002/pon.3409
http://www.ncbi.nlm.nih.gov/pubmed/24105788
https://doi.org/10.1016/j.jad.2012.03.025
https://doi.org/10.1016/j.jad.2012.03.025
http://www.ncbi.nlm.nih.gov/pubmed/22727334
https://doi.org/10.1007/s00520-016-3443-4
http://www.ncbi.nlm.nih.gov/pubmed/27757706
https://doi.org/10.3109/0167482X.2016.1141891
https://doi.org/10.3109/0167482X.2016.1141891
http://www.ncbi.nlm.nih.gov/pubmed/26939616
https://doi.org/10.1007/s11764-016-0525-8
http://www.ncbi.nlm.nih.gov/pubmed/26884372
https://doi.org/10.1016/j.ygyno.2017.05.008
http://www.ncbi.nlm.nih.gov/pubmed/28527672
https://doi.org/10.1016/j.ygyno.2017.11.007
https://doi.org/10.1016/j.ygyno.2017.11.007
http://www.ncbi.nlm.nih.gov/pubmed/29150143
https://doi.org/10.1080/0284186X.2017.1337926
http://www.ncbi.nlm.nih.gov/pubmed/28631533
https://doi.org/10.1097/00007632-200012150-00008
https://doi.org/10.1097/00007632-200012150-00008
http://www.ncbi.nlm.nih.gov/pubmed/11124729
https://doi.org/10.1016/s0895-4356%2898%2900081-x
https://doi.org/10.1016/s0895-4356%2898%2900081-x
http://www.ncbi.nlm.nih.gov/pubmed/9817107
https://doi.org/10.31557/APJCP.2020.21.7.1969
https://doi.org/10.31557/APJCP.2020.21.7.1969
http://www.ncbi.nlm.nih.gov/pubmed/32711422
https://doi.org/10.1016/j.ygyno.2019.11.033
https://doi.org/10.1016/j.ygyno.2019.11.033
http://www.ncbi.nlm.nih.gov/pubmed/31806400
https://doi.org/10.1111/jocn.12647
https://doi.org/10.1111/jocn.12647
http://www.ncbi.nlm.nih.gov/pubmed/25040957
https://doi.org/10.1016/j.bpobgyn.2016.10.007
http://www.ncbi.nlm.nih.gov/pubmed/27884789
https://doi.org/10.1016/j.ygyno.2013.11.018
https://doi.org/10.1016/j.ygyno.2013.11.018
http://www.ncbi.nlm.nih.gov/pubmed/24262880
https://doi.org/10.1111/cob.12203
https://doi.org/10.1111/cob.12203
http://www.ncbi.nlm.nih.gov/pubmed/28695722
https://doi.org/10.1371/journal.pone.0287562

PLOS ONE

Quality of life in advanced gynecological cancer

33.

34.

35.

36.

Doll KM, Kalinowski AK, Snavely AC, Irwin DE, Bensen JT, Bae-Jump VL, et al. Obesity is associated
with worse quality of life in women with gynecologic malignancies: an opportunity to improve patient-
centered outcomes. Cancer. 2015; 121(3):395—402. https://doi.org/10.1002/cncr.29061 PMID:
25250951

Mattsson E, Einhorn K, Ljungman L, Sundstrom-Poromaa |, Stalberg K, Wikman A. Women treated for
gynaecological cancer during young adulthood—A mixed-methods study of perceived psychological
distress and experiences of support from health care following end-of-treatment. Gynecol Oncol. 2018;
149(3):464-9. https://doi.org/10.1016/j.ygyno.2018.03.055 PMID: 29588102

Di Donato V, D’Oria O, Giannini A, Bogani G, Fischetti M, Santangelo G, et al. Age-Adjusted Charlson
Comorbidity Index Predicts Survival in Endometrial Cancer Patients. Gynecol Obstet Invest. 2022; 87
(3-4):191-9. https://doi.org/10.1159/000525405 PMID: 35793638

Kalter J, Verdonck-de Leeuw IM, Sweegers MG, Aaronson NK, Jacobsen PB, Newton RU, et al. Effects
and moderators of psychosocial interventions on quality of life, and emotional and social function in
patients with cancer: An individual patient data meta-analysis of 22 RCTs. Psychooncology. 2018; 27
(4):1150-61. https://doi.org/10.1002/pon.4648 PMID: 29361206

PLOS ONE | https://doi.org/10.1371/journal.pone.0287562 June 23, 2023 13/13


https://doi.org/10.1002/cncr.29061
http://www.ncbi.nlm.nih.gov/pubmed/25250951
https://doi.org/10.1016/j.ygyno.2018.03.055
http://www.ncbi.nlm.nih.gov/pubmed/29588102
https://doi.org/10.1159/000525405
http://www.ncbi.nlm.nih.gov/pubmed/35793638
https://doi.org/10.1002/pon.4648
http://www.ncbi.nlm.nih.gov/pubmed/29361206
https://doi.org/10.1371/journal.pone.0287562

