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• Meeting WHO lifestyle recommendations is associated with improved HRQoL in endometrial carcinoma survivors.
• Survivors who are physically active or have a BMI <25 report better HRQoL than those who are sedentary or have BMI ≥25.
• Sufficient physical activity has the strongest association with improved HRQoL assessed by EORTC QLQ-C30.
• Physical activity should be a priority for endometrial carcinoma survivors and survivorship programs.
• Prospective studies are needed to assess the impact of modifiable life-style factors on HRQoL in cancer survivors.
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Objective. To explore possible associations between modifiable lifestyle factors and health-related quality of
life (HRQoL) in endometrial carcinoma survivors by assessing differences in HRQoL between survivors meeting
and not meeting the World Health Organization's (WHO) recommendations regarding physical activity, BMI,
and smoking.

Methods. This was a cross-sectional population-based study in women having undergone surgery for as-
sumed early-stage endometrial carcinoma. Thresholds for clinical importance based on the EORTC QoL working
group were used to interpret scores. Effect size (ES) was interpreted as small (d = 0.2–0.49), medium (d =
0.5–0.8), and large (d > 0.8).

Results. In total, 1200 evaluable women were included. Meeting physical activity recommendations and BMI
<25 kg/m2 was associated with significantly better global health status, (ES) = 0.18 and ES = −0.11, respec-
tively. On multivariate analysis, women meeting physical activity recommendations had significantly higher
scores on physical- (ES= 0.31), role- (ES= 0.15), and social functioning (ES= 0.15), and lower levels of fatigue
(ES=−0.16), pain (ES =−0.10), and appetite loss (ES=−0.15) (all p< 0.05) compared to non-meeting sur-
vivors. Participants with BMI ≥25 kg/m2 had lower scores for social functioning (ES=−0.10), and higher levels
of pain (ES=0.13) and dyspnea (ES=0.12) (all p<0.05) compared to thosewith BMI<25 kg/m2. Smokers had
lower scores for emotional functioning (ES = −0.09) and higher levels of diarrhea (ES = 0.10) (all p < 0.05)
compared to non-smokers.

Conclusion.MeetingWHO recommendations for modifiable life-style factors is associated with better HRQoL
among endometrial carcinoma survivors: Being sufficiently physical active and having a BMI <25 kg/m2 are
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significantly associated with better self-reported global health status. All modifiable factors are associated with
better functioning, and reduced symptom-burden.

© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
1. Introduction

Endometrial carcinoma is the most common gynecological malig-
nancy in high-income countries. The incidence has increased over the
past 30 years mainly due to women living longer, and an obesity pan-
demic [1]. Although there are substantial racial disparities in mortality
for women with endometrial carcinoma [2], mortality rates have and
may further decrease due to improved diagnostics and treatment op-
tions [3]. With a favorable prognosis, many patients can expect to live
for several years after treatment [1]. Although the population of endo-
metrial carcinoma survivors is rapidly increasing, little is known regard-
ing health-related quality of life (HRQoL) [4].

Previous research shows that endometrial carcinoma survivors re-
port lower HRQoL than the general population, mostly due to the dis-
ease and its treatment but also due to lifestyle behaviors [4].
Compliance with dietary and exercise recommendations has been
shown to be positively related to HRQoL [5]. HRQoL dimensions are im-
portant indicators of cancer survivorship since they provide prognostic
and predictive information as well as survivor experiences with cancer-
related treatment and lifestyle changes [6]. Long-term survival and
HRQoL can be improved by having an active lifestyle and maintaining
a healthy weight [1,7]. Previous studies have shown that compared to
more recent survivors, long-term cancer survivors are less likely to ad-
here to a variety of lifestyle recommendations [8]. There is insufficient
high-quality evidence to determine the effect of lifestyle interventions
onHRQoL in endometrial carcinoma survivors. The association between
modifiable lifestyle factors and patient reported outcomes should be
further investigated [4,5].

Previous efforts in HRQoL studies have focused on defining minimal
important differences between various scores, attempting to offer a ref-
erence for interpreting differences in scores between groups or changes
over time. The European Organization for Research and Treatment of
Cancer (EORTC) Quality of Life Group recently provided novel thresh-
olds for clinical importance to improve interpretation of the EORTC
Quality of Life questionnaire version C30 (EORTC QLQ-C30) [9]. These
new thresholds provide absolute scores based on; patient reported lim-
itations of daily living, perceived need for help or care, and disease- or
treatment-related worries by the patient or family/partner. In the cur-
rent study, we explore the association between modifiable lifestyle fac-
tors and HRQoL among endometrial carcinoma survivors in a national
health care system. We aimed to compare HRQoL between survivors
who adhered to World Health Organization (WHO) recommendations
regarding physical activity, body mass index (BMI), and smoking and
those who did not.

2. Materials and methods

This study is part of the SENSOR-study [10], a population based
cross-sectional study conducted at two tertiary referral centers, serving
66% of the Norwegian population. Regional Committees for Medical Re-
search Ethics [11] approval and patient consentwas obtained (reference
149,597 and 7193/2019). The CHERRIES checklist and STROBE recom-
mendations were followed [12,13].

2.1. Data collection

Women treated for assumed early-stage endometrial carcinoma be-
tween 2006 and 2021 participated in the study. The study recruitment
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process has been previously described [10]. Demographics, comorbidi-
ties, tumor- and treatment-related factors at time of diagnosis was ex-
tracted from electronic medical records. Demographics and the
following self-reported comorbidities were collected in the survey:
heart disease, hypertension, lung disease, diabetesmellitus, ulcer/stom-
ach disease, kidney disease, liver disease, anemia/blood disease, other
cancer, depression, osteoarthritis, back pain, rheumatoid arthritis,
thrombosis/pulmonary embolism, and other disease/health complaint.
Responders were grouped according to WHO's definition of
multimorbidity: coexistence of two or more chronic conditions [14].
Complete and incomplete questionnaires were analyzed, non-
answered questions were treated as missing data.

2.1.1. Lifestyle factors

2.1.1.1. Physical activity. Levels of physical activity was assessed by the
Nord-Trondelag Health Study Physical Activity Questionnaire (HUNT 4
PA-Q) [15], including three questions covering frequency, duration,
and intensity of their physical activity. Each response was scored ac-
cording to the index created by Kurtze et al. [16] ranging from 0 to 15.
Scores <2.5 indicate insufficient activity, scores ≥2.5 indicate sufficient
activity according to WHO recommendations on physical activity
[17,18].

2.1.1.2. Body Mass Index. BMI was calculated using self-reported height
and body weight at time of survey, and categorized according to WHO
ranges [19]. When examining the relationship between BMI and
HRQoL, responders were dichotomized into normal weight
(BMI <25 kg/m2) and overweight (BMI ≥25 kg/m2). As most women
with endometrial carcinoma are overweight, additional analyses were
performed with BMI ≥30 kg/m2 (Supplementary Table 2).

2.1.1.3. Smoking. Smoking was assessed with the question “Do you
smoke?”. Responseswere dichotomized into current smokers (smoking
daily or smoking now and then) and non-smokers (smoked previously
or never smoked).

2.1.2. HRQoL measurements
EORTC QLQ-C30 [20] was used to asses HRQoL, containing 30

items covering global health status, five functional subscales (physi-
cal-, role-, cognitive-, emotional-, and social functioning), and nine
symptom subscales (fatigue, pain, nausea/vomiting, dyspnea, insom-
nia, appetite loss, constipation, diarrhea, and financial difficulties).
The scores are transformed into a 0–100 scale; on the functional
scales, high scores represent better functioning, on the symptom
scales high scores represent higher symptom burden. We used
thresholds for clinical importance established by the EORTC QoL
Group [9], to interpret and compare scores between groups. Confi-
dence intervals (CI) were used to compare mean values between
groups for global health status as threshold values are not established
for this item.

2.2. Statistical analysis

Continuous variables were normally distributed and therefore de-
scribed with mean and standard deviation (SD), categorical data
were presented as counts and percentages. Crude comparisons be-
tween responders and non-responders were performed using cross
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tabulations and chi-square tests. Possible association between HRQoL
subscales and selected lifestyle factors, demographic and disease re-
lated variables were modeled using univariate and multivariate lin-
ear regression. As the selected possible predictive factors were
measured on different scales, the results are expressed as effect
sizes (standardized B) to allow comparisons of regression coeffi-
cients, e.g. to allow for direct comparisons of the strength of associa-
tion between given variables and the outcome. The effect size (ES)
was calculated as Cohen's d and is interpreted as small (0.2–0.49),
medium (0.5–0.8), and large (>0.8) effect. Cohen's d describes the
mean difference to variability and ranges from −1 (the largest nega-
tive effect) to 0 (no effect) to 1 (the largest positive effect) [21]. Scor-
ing manuals for EORTC QLQ-C30 were used [22]. All tests were two-
sided and p-values <0.05 were considered statistically significant.
All analyses were considered exploratory so no correction for multi-
ple testing was done. Data were analyzed using the Statistical Pack-
age for the Social Sciences version 28 [23].
Fig. 1. Flow chart showing participation recruitment.
a Withdrawal of consent: n = 91.
Unknown postal address: n = 20.
Deceased during study period: n = 23.
Response rate = 61%.
Evaluable for EORTC QLQ-C30 = 59%.
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3. Results

In total, 1226 women responded to the questionnaire, yielding a re-
sponse rate of 61%. Twenty-six women were not evaluable by EORTC
QLQ-C30, leaving 1200 evaluable survivors (Fig. 1). Patient characteris-
tics are presented in Table 1.Mean age at surveywas 70.5 years (SD9.2),
mean BMI was 28 kg/m2 (SD 5.6). Of note, 46% had received primary
treatment >5 years ago, 88% of women had stage I/II disease, and 69%
had undergoneminimal invasive surgery. With regards toWHO recom-
mendations; 532/1200 (46%) met physical activity recommendations,
368/1200 (32%) had BMI <25 kg/m2 and 1067/1200 (92%) did not
smoke (Table 2). Compared to non-responders, responders were signif-
icantly younger, had fewer comorbidities, were more likely to have re-
ceived adjuvant chemotherapy and to have undergone minimally
invasive surgery (Supplementary Table 1). Time since treatment was
not statistically significantly associated with any of the explored
variables.



Table 1
Clinicopathological characteristics of responders.

Age at survey
Mean (SD) 71 (9)

n % Self-reported comorbidities n %

18–49 25 2 None 78 7
50–59 130 11 Low morbidity (<2) 120 10
60–69 376 31 High morbidity (≥2) 401 33
70–79 499 42 Missing 601 50
80+ 170 14 Time since treatment
Race 0–1 years 218 18
Caucasian 1184 99 1–3 years 240 20
Non-Caucasian 16 1 3–5 years 196 16
Marital status 1197 5+ years 546 46
Married/living with partner 744 62 FIGO stage
Separated/divorced 105 9 I and II 1060 88
Single 138 12 III and IV 140 12
Widowed 210 18 Surgical modality

Education level Minimal invasive surgery 828 69
High school graduate or less 610 51 Laparotomy 372 31
Some college/college graduate 264 22 Chemotherapy
Some graduate school or graduate degree 301 25 Yes 418 35
Missing 25 2 No 773 64

Employment status Missing 9 1
Employed/homemaker 103 9 Radiation
Retired 457 38 Yes 8 1
Unemployed/on disability/other 107 9 No 1183 99
Missing 533 44 Missing 9 1
BMI self-reported
Mean (SD) 28 (6)

Recurrence

0–18.4 15 1.3 Yes 66 6
18.5–24.9 351 29 No 1125 94
25–29.9 431 36 Missing 9 1
30–34.9 248 21
35–39.9 74 6
40+ 38 3
Missing 43 4

SD = Standard deviation.

Table 2
Quality of Lifemeasuredby EORTCQLQ-C30 reported as thenumber and% ofwomenbeing over thresholds for clinical importance determined by the EORTCQoL group, stratified bymeet-
ing or not meeting WHO lifestyle recommendations for physical activity, BMI, and smoking.

Lifestyle factors Physical activity BMI at survey Smoking

≥2.5 points <2.5 points <25 ≥25 No Yes

n (%) 532 (46) 622 (54) 368 (32) 791 (68) 1067 (92) 92 (8)

EORTC QLQ-C30
Global health statusa

Mean (95% CI)
76.3
(74.6–78.0)

67.5
(65.8–69.2)

76.9
(74.9–79.1)

68.9
(67.5–70.4)

71.8
(70.5–73.1)

67.2
(62.3–72.0)

Functional scales
(Threshold value)

n (%) n (%) p-value n (%) n (%) p-value n (%) n (%) p-value

Physical functioning (83) 327 (65) 206 (35) <0.001 218 (63) 325 (43) <0.001 498 (49) 42 (49) 0.9
Role functioning (58) 460 (90) 474 (80) <0.001 307 (87) 629 (83) 0.1 866 (85) 69 (79) 0.2
Cognitive functioning (75) 392 (78) 461 (77) 0.8 283 (81) 571 (75) <0.05 792 (77) 60 (71) 0.2
Emotional functioning (71) 408 (81) 461 (78) 0.2 286 (82) 581 (77) 0.1 804 (79) 62 (73) 0.2
Social functioning (58) 453 (89) 481 (80) <0.001 314 (89) 622 (82) <0.05 869 (85) 67 (79) 0.2

Symptom scales
(Threshold value)

n (%) n (%) p-value n (%) n (%) p-value n (%) n (%) p-value

Fatigue (39) 118 (23) 220 (37) <0.001 82 (24) 264 (35) <0.001 314 (31) 36 (41) <0.05
Pain (25) 188 (37) 298 (51) <0.001 119 (34) 370 (49) <0.001 442 (43) 43 (51) 0.2
Nausea and vomiting (8) 81 (16) 96 (16) 0.9 56 (16) 129 (17) 0.8 166 (16) 16 (19) 0.5
Dyspnea (17) 178 (35) 286 (47) <0.001 100 (28) 367 (48) <0.001 419 (41) 45 (52) <0.05
Insomnia (50) 119 (23) 161 (27) 0.2 92 (26) 192 (25) 0.7 250 (24) 30 (35) <0.05
Appetite loss (50) 9 (2) 37 (6) <0.001 18 (5) 29 (4) 0.3 36 (4) 8 (9) <0.05
Constipation (50) 39 (12) 40 (12) 0.8 31 (15) 47 (11) 0.1 72 (12) 4 (9) 0.5
Diarrhea (17) 169 (33) 202 (34) 0.8 88 (25) 290 (38) <0.001 337 (33) 40 (47) <0.05
Financial difficulties (17) 59 (12) 71 (12) 0.9 25 (7) 105 (14) <0.05 112 (11) 18 (21) <0.05

CI = Confidence interval.
p-values describe the statistical differences between women whomet and did not meetWHO lifestyle recommendations for physical activity, BMI and smoking statistically significant p-
values in bold.

a Mean score with 95% Confidence interval (no threshold for clinical importance).
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(a)

Fig. 2. a and b: EORTCQLQ-C30 functional- and symptom scales. Proportions ofwomenwho are over thresholds for clinical importance, stratifiedby if theymetWHO recommendations or
not. Bars in light green and dark red represent women not meeting WHO recommendations regarding physical activity, BMI and smoking.
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3.1. Global health status

Women who met WHO recommendations for physical activity and
those who reported BMI <25 kg/m2 had significantly higher mean
global health status scores compared to those who did not meet these
two criteria: 76.3 points, (95% Cl [74.6–78.0]) vs. 67.5 points (95% Cl
[65.8–69.2]) and 76.9 points (95% Cl [74.9–79.1]) vs. 68.9 points (95%
56
Cl [67.5–70.4]), respectively. Therewas no statistically significant differ-
ence in global health status scores between smokers and non-smokers
(Table 2).

3.2. Functional- and symptom scales

Results are reported in Table 2 and Fig. 2a and 2b.



(b)

Fig. 2 (continued).
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3.2.1. Functional scales

3.2.1.1. Physical activity. Among women who met WHO recommenda-
tions for physical activity, 65% were over thresholds for clinical impor-
tance for physical functioning, compared to 35% of women who did
not meet recommendations, respectively (p < 0.001). The proportions
57
were as follows for the two remaining significant associations for the
functional scales; role- (90% vs. 80%, p < 0.001) and social functioning
(89% vs. 80%, p < 0.001).

3.2.1.2. Body Mass Index. Regarding BMI; 63% of women with BMI
<25 kg/m2 were over thresholds for clinical importance for physical
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functioning compared to 43% of women with BMI ≥25 kg/m2, respec-
tively (p < 0.001). The proportions being as follows for the remaining
two significant associations for functional scales: cognitive- (81% vs.
75%, p < 0.05) and social functioning (89% vs. 82%, p < 0.05). When
exploring for BMI >30 kg/m2, cognitive functioning was no longer
significant.

3.2.1.3. Smoking. No statistically significant differences were
detected between smokers and non-smokers for any investigated
domains.

3.2.2. Symptom scales

3.2.2.1. Physical activity. Among women who met WHO recommenda-
tions for physical activity, 23% were over thresholds for clinical impor-
tance for fatigue compared to 37% among women who did not meet
recommendations for physical activity, respectively (p < 0.001). The
proportions were as follows for the remaining significant associations
for symptom scales; pain (37% vs. 51%, p < 0.001), dyspnea (35% vs.
47%, p < 0.001) and appetite loss (2% vs. 6%, p < 0.001) for women
who met or did not meet WHO recommendations, respectively.

3.2.2.2. BodyMass Index.Amongwomenwith BMI<25 kg/m2, 24%were
over thresholds for clinical importance for fatigue compared to 35%
among women with BMI ≥25 kg/m2, respectively (p < 0.001). The pro-
portions were as follows for the remaining significant associations for
symptom scales; pain (34% vs. 49%, p < 0.001), dyspnea (28% vs. 48%,
p < 0.001), diarrhea (25% vs. 38%, p < 0.001), and financial difficulties
(7% vs. 14%, p = 0.001) for women with BMI <25 kg/m2 compared to
≥25 kg/m2, respectively.

3.2.2.3. Smoking.Amongnon-smokers, 31%were over thresholds for clin-
ical importance for fatigue compared to41%amongsmokers, respectively
(p< 0.05). The proportions were as follows for the remaining significant
associations for symptom scales; dyspnea (41% vs. 52%, p < 0.05),
insomnia (24% vs. 35%, p < 0.05), appetite loss (4% vs. 9%, p < 0.05),
diarrhea (33% vs. 47%, p < 0.05), and financial difficulties (11% vs. 21%,
p < 0.05) for non-smokers compared to smokers, respectively.

3.2.3. Adjustment for demographics and disease related factors
After adjusting for demographics and disease related factors (age,

marital status, education, comorbidity, FIGO stage, surgical modality,
adjuvant chemotherapy, and recurrence) (Table 3); physical activity
and BMI remained significantly associated with global health status,
ES = 0.18 and ES = −0.11, respectively.

After adjustment, physical- (ES = 0.31), role- (ES = 0.15), and so-
cial functioning (ES = 0.15) remained significantly associated with
meeting WHO recommendations for physical activity. BMI remained
significantly associated with social functioning (ES =−0.10). Smoking
became significantly associated with emotional functioning (ES =
−0.09), even though there was no difference between smokers and
non-smokers when comparing shares over threshold for clinical im-
portance. Of the independent variables used in multivariate analysis,
physical activity demonstrated the strongest association with
physical- (ES = 0.31), role- (ES = 0.15), and social functioning
(ES = 0.15). Age demonstrated the strongest association
with cognitive- and emotional functioning (ES = 0.17 and 0.18)
respectively.

After adjustment, fatigue (ES = −0.16), pain (ES = −0.10), and
appetite loss (ES = −0.15) remained significantly associated with
meeting WHO recommendations for physical activity. BMI was signif-
icantly associated with pain (ES = 0.13) and dyspnea (ES = 0.12).
Smoking was significantly associated with diarrhea (ES = 0.10).
Among all independent variables used in the multivariate analysis
the following factors were the strongest predictive factors: physical ac-
tivity for fatigue (ES = −0.16) and appetite loss (ES = −0.15), BMI
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for pain (ES = 0.13) and dyspnea (ES = 0.12), smoking for diarrhea
(ES = 0.10), recurrence for nausea and vomiting (ES = 0.13) and con-
stipation (ES = 0.17), and age for financial difficulties (ES = −0.37).
None of the variables tested were significant predictive factors for
insomnia.

When exploring the effect of BMI as <25, 25–29.9 and ≥30 kg/m2 on
the QoL domains, BMI is only statistically significant for BMI ≥30 kg/m2

and associated with the domains of physical functioning, fatigue,
appetite loss and diarrhea (Supplementary Table 2).

4. Discussion

This large population-based study aimed to investigate the strengths
of associations between modifiable lifestyle factors and HRQoL among
endometrial carcinoma survivors. Overall, our findings demonstrate
that self-reported adherence toWHO recommendations for physical ac-
tivity levels and having a BMI <25 kg/m2 are associated with better
global health status, better functioning, and lower symptom burden.
Abstaining from smoking was not associated with global health status
but with better function status and lowered symptom burdens. Overall,
the effect sizes for lifestyle factors and other relevant clinical variables
were small. This is in line with previously reported data both for endo-
metrial carcinoma survivors and survivors of other cancers such as
breast, colorectal and prostate [24,25].

Given that endometrial carcinoma survivors represent an older,
overweight/obese population with a substantial period of survivorship
after initial treatment, adherence to a number of lifestyle recommen-
dations is beneficial [8]. Previous studies investigating lifestyle factors
and their relation to HRQoL have used different ways of classifying life-
style behaviors, as well as a variety of different measurement tools for
capturing HRQoL. Although the EORTC QLQ-C30 is most used [26–29],
there is no general consensus or gold standard for HRQoL question-
naires, making direct comparisons between studies challenging. Our
study is, to the best of our knowledge, the first to use EORTC QoL
working group thresholds for clinical importance to compare HRQoL
between groups. We believe this is a clinically meaningful tool and
hope to see it utilized in future publications and studies from other
groups.

4.1. Meeting WHO lifestyle recommendations

The WHO 2020 guidelines [17] on physical activity and sedentary
behavior, recommend average weekly volumes of aerobic and muscle-
strengthening activities of 150–300 min of moderate intensity or
75–150 min of vigorous intensity, or an equivalent combination. In
our study, almost half of the study cohort was sufficiently physically ac-
tive. This is in contrast to a previous cross-sectional study published
15 years ago, reporting 34% of endometrial carcinoma survivors being
sufficiently physically active [27]. There is evidence that elderly
women today have better physical functioning, compared to a decade
ago, which may explain the noted difference [30]. Nearly 70% of
women in our study were overweight or obese, with a BMI ≥25 kg/m2.
This is in line with findings from previous studies [26–28] and is ex-
pected in a population of endometrial carcinoma survivors as obesity
or overweight is one of themain risk factors for this disease [1]. The cut-
off of BMI ≥30 kg/m2 may be more relevant for endometrial carcinoma
survivors than BMI ≥25 kg/m2. We therefore further explored the asso-
ciations between BMI categorized as BMI<25-, 25–29.9- and ≥30 kg/m2
and EORTC QLQ-C30 subscales. The associations became stronger with
the addition of statistical significance for more subscales and the associ-
ations were no longer statistically significant for women with BMI
<30 kg/m2. The new effect sizes remained small, with small changes
when compared with the analysis where BMI was dichotomized. The
proportion of women with BMI ≥25 kg/m2 in our study is much higher
than in the general Norwegian population; 52% for women
65–74 years and 47% for women ≥75+ years [31]. The high proportion
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of obese survivors, renders BMI a modifiable factor with room for clini-
cal improvement. The low percentage of smokers in our study is compa-
rable to the general population in Norway [32], and to that previously
reported by Beesley et al. [27] and Grimmett et al. [33] The small per-
centage of daily smokers can lead to lack of statistical power and may
have impacted our results.

4.2. Global health status

Our study showed a positive association between being sufficiently
physically active and/or having a BMI <25 kg/m2, and better global
health status. Similar associations have previously been demonstrated
for colorectal cancer survivors [25,33]. The study by Schleisinger and
collegues [25], investigated several lifestyle factors and found the stron-
gest association between BMI and global health status. Zainordin and
colleagues, could however not demonstrate this association in a recent
study among breast and gynecological cancer survivors [26]. This
study assessed intensity of physical activity and sitting time by the in-
ternational physical activity questionnaire (IPAQ). Respondents were
younger (mean age 52 years) with shorter time since surgery, and
only 12 of 95 responders were endometrial carcinoma survivors.
These differencesmay explain the contrasting findings. In linewith pre-
vious studies [27,33], smoking was not associated with global health
status in our study.

4.3. Functional scales

Our study found that physical-, role-, emotional-, and social func-
tioning were the functional domains where meeting WHO recommen-
dations for one or more lifestyle factors was favorable. Physical
functioning was significantly better among those meeting recommen-
dations for physical activity, and a substantial higher proportion of
women meeting recommendations for physical activity were over
thresholds for clinical importance for physical functioning. Robertson
and colleagues [29] recently published findings that increasing levels
of physical activity led to improvements in both physical health and
overall health in endometrial carcinoma survivors, further supporting
our findings.

BMI and smoking did not have a significant effect on physical func-
tion after adjusting for demographics and disease related factors. How-
ever, when comparing the proportion of women over thresholds for
clinical importance for physical functioning between women who met
WHO recommendations for BMI and thosewho did not, therewas a sig-
nificantly higher percentage of women with BMI <25 kg/m2 who were
over thresholds for physical functioning. This finding suggests that
among women with BMI <25 kg/m2, other factors may affect their
physical functioning. This is supported by a recent systematic review
where sufficient levels of physical activity were found to bemore bene-
ficial for reducing obesity-related diseases than focusing on reducing
obesity itself. This review found that the risk of obesity-related diseases
is more likely caused by insufficient physically activity among obese
than the effect of obesity Itself [34].

Role functioning was significantly better among those meeting rec-
ommendations for physical activity, and a larger portion of women
whowere sufficiently physically active were over thresholds for clinical
importance than those who were insufficiently active. The domain for
role functioning contains questions regarding if responders are limited
in their work, daily activities, or hobbies. Some women with lower
scores for role functioning may have been limited in these areas due
to not being able to be sufficiently physically active. Previous
studies have not found this association between physical activity and
role functioning in colorectal, breast or gynecologic cancer survivors
[26,33].

Emotional functioning was significantly reduced for smokers. We
did however not detect a significant difference between non-smokers
and smokers when exploring proportions over thresholds for clinical
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importance for emotional functioning, although it still had a small pre-
dictive effect. Our findings are in contrast to studies among colorectal
cancer survivors exploring the association between smoking and
HRQoL measured by EORTC QLQ-C30 [25,33], as well as studies explor-
ing this association measured by other HRQoL measurement tools
among gynecological cancer survivors [27,35]. Despite a statistically sig-
nificant difference detected in our study, the effect size is small andmay
not be clinically significant. This is reflected in our finding of no differ-
ence in proportions over and under thresholds for clinical importance
and highlights the importance of reliable tools for measuring clinically
meaningful differences in HRQoL.

In our study, social functioningwas significantly better by being suf-
ficiently physically active and having a BMI <25 kg/m2. Zainordin and
colleagues [26] did not find the same association between physical ac-
tivity and social functioning in a recent study. In fact, in their study, par-
ticipants with increased sitting time (hours per day sitting or lying
down excluding time spent sleeping) had higher social functioning
than those whowere sufficiently physically active. The authors hypoth-
esize that although the underlying endometrial carcinoma and its re-
lated therapy can lead to social isolation, the support of close friends
and family could have led to better social functioning. Interestingly,
the EORTC thresholds for clinical importance used in our study, are
based on patient reported limitations of daily living, perceived need
for help or care, and disease- or treatment-related worries by the pa-
tient or family/partner [9]. These thresholds therefore account for both
the patient and caregiver perspectives, as may be reflected in our
findings.

Social functioning was the only functioning domain where BMI was
a predictive factor. High BMI (≥25 kg/m2) was negatively correlated
with social functioning. People who are obese are reported to have an
increased fear of social rejection compared to those with a normal BMI
[36]. This may have contributed to our findings. Our results are in
contrast to those for colorectal cancer survivors [25,33] and to the
cross-sectional study by Beesley et al. from 2008 [27] where no such as-
sociation was found for endometrial carcinoma survivors. As expected,
there are more women with obesity in our study population than in
studies for colorectal cancer survivors, which may have influenced the
differing findings.

None of the lifestyle factors were significant predictive factors for
cognitive functioning. Also, when comparing women who met and did
not meet the WHO recommendations for lifestyle factors there were
no significant differences between the groups for this domain. In con-
trast, Grimmett et al. [33] found that being overweight resulted in better
cognitive functioning. In their study, about 50% of responders were
overweight, compared to 68% in our study. Also, our study only included
women, whereas reports on colorectal cancer survivors include both
genders, which could influence results.

The proportions of women over thresholds for clinical importance
were high for all functional scale domains for all lifestyle factors in our
study. Age was the strongest predictive factor for cognitive functioning,
suggesting that overall, endometrial carcinoma survivors have good
cognitive functioning.

4.4. Symptom scales

Our study revealed that meeting WHO recommendations for one
or more lifestyle factors was positively associated with fatigue, pain,
dyspnea, appetite loss and diarrhea. Previous studies have presented
conflicting findings regarding the association between physical activ-
ity and fatigue [26,33]. Fatigue is a commonly noted sequelae after
cancer therapy. Increased levels of fatigue may lead to lower levels
of physical activity [37]. However, once physically active, this may re-
verse the treatment-related fatigue. Our findings would support this
hypothesis.

In line with our findings, increased levels of physical activity have
previously been associatedwith decreased levels of pain [29]. Grimmett
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and colleagues found that obesity was associated with less pain in colo-
rectal cancer survivors [33]. The cross-sectional design of our study does
not allow us to draw firm conclusions, however obesity in general is
linked to joint pain [38], and our findings could partly by explained
this. By the same token, our finding of an association between obesity
(BMI ≥25 kg/m2) and higher symptom burden for dyspnea is in line
with the literature for colorectal cancer survivors [33] and the popula-
tion at large [39].

Our study revealed an association between being sufficiently physi-
cally active and decreased symptom burden for appetite loss. We also
found a higher symptom burden of diarrhea in smokers. This is in con-
trast to previously published results from studies in colorectal cancer
survivors [25,33] and gynecologic cancer survivors [27,35]. This discrep-
ancy could be due to the small number of smokers in our study-
population.

Previous studies have reported associations between BMI and nau-
sea [33] and between physical activity and constipation [26]. In our
study, lifestyle factors did not influence nausea and vomiting or consti-
pation. In our study-population, recurrencewas the strongest predictive
factor for these symptoms, which could be explained by potentially re-
ceiving tumor-directed therapy. We could not find an association be-
tween lifestyle factors and insomnia or financial difficulties. Our
finding regarding financial difficulties is in line with previous studies.
However, previous studies have reported that sufficient physical activ-
ity in cancer survivors is associated with decreased symptom burden
for insomnia [26,33].

4.5. Strengths and limitations

Our study confirmsfindings previously reported in smaller studies. It
adds knowledge aboutmodifiable lifestyle factors and their associations
with HRQoL, assessed by the novel EORTC thresholds of clinical impor-
tance. As our study is based on responses from anunselected population
in a public health care system, with small differences between re-
sponders and non-responders, we believe ourfindings are generalizable
to endometrial carcinoma survivors in countries with similar demo-
graphics.

Limitations to our study include the retrospective designwith its in-
herent biases. Our results suggest that identifying and motivating
women who are not sufficiently physically active, or who have a BMI
≥25 kg/m2 could benefit their HRQoL and well-being. In this cross-
sectional study design, causality can not be inferred. It is also possible
that detected difference can be explained by other underlying variables
whichwere not assessed in our study. Some of whichmay be biological,
non-modifiable factors. Additionally, self-reported data on HRQoL,
weight, height, smoking, and physical activity level can be biased, as be-
haviors thought to be favorable such as physical activity are often over-
reported and behaviors and traits thought to be negative such as
smoking and high BMI are frequently under-reported [40]. Finally, we
have not reported alcohol consumption, another modifiable behavior
which could influence HRQoL.

5. Conclusions

In conclusion,modifiable lifestyle factors can impact HRQoL in endo-
metrial carcinoma survivors. Women after initial therapy for endome-
trial carcinoma should be informed that being physically active and
maintaining a normal BMImay ensure better global health status, better
functioning, and lower symptom burdens. There is currently paucity of
high-quality evidence to determine the effect of lifestyle interventions
on quality of life and survival in endometrial carcinoma survivors. This
should be the focus of future studies.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2023.10.012.
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