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Abstract

Purpose—Obesity is associated with a higher risk of mortality in women with ovarian cancer. 

Exercise has improved body composition among cancer survivors, yet no randomized controlled 

trial has explored the effect of exercise on body composition in women with ovarian cancer. In this 

analysis, we examined the effect of a six-month aerobic exercise intervention on body composition 

among ovarian cancer survivors in the Women’s Activity and Lifestyle Study in Connecticut 

(WALC).

Methods—Women with ovarian cancer (N = 144) were randomized in a 1:1 ratio to 6 months 

of an aerobic exercise intervention or attention-control, and body composition was measured as 

a secondary outcome at baseline and 6 months via dual-energy X-ray absorptiometry (DEXA). 

Women with at least one DEXA scan were included in the analysis (N = 103).

Results—On average, participants were 57.1 (± 8.7) years old and 1.6 (± 0.9) years since 

diagnosis. Women randomized to exercise maintained weight during the trial (− 0.11 kg, P = 
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0.82), while women in attention-control gained weight (+ 1.40 kg, P = 0.03); however, the 

between-group difference did not reach statistical significance (P = 0.09). We found no statistically 

significant differences by study arm for changes in body fat percentage, bone mineral density, or 

lean body mass.

Conclusions—Weight was maintained as a result of a 6-month aerobic exercise intervention 

among post-treatment ovarian cancer survivors. Future exercise and healthy eating interventions 

should consider additional measures (e.g., computer tomography scans, D3-creatinine) to more 

accurately assess changes in body composition.

Implications for Cancer Survivors—Moderate-intensity aerobic exercise may help ovarian 

cancer survivors maintain weight.

Keywords

Exercise; Body weight; Body composition; Ovarian cancer

Introduction

In 2021, there will be approximately 21,410 women diagnosed with ovarian cancer in the 

USA [1]. With an estimated 13,770 ovarian cancer deaths in the USA in 2021, ovarian 

cancer is the fifth leading cause of cancer-related deaths among women [1]. Due to the lack 

of effective screening tests, ovarian cancer remains the most lethal gynecological cancer. 

About 60% of cases are detected at late stages, with 5-year survival rates of 42% and 26% 

for stage III and stage IV disease, respectively [2]. Many surgical and pharmacological 

advances have improved the prognosis for ovarian cancer, but modifiable lifestyle factors 

should also be considered.

Obesity is relevant to both risk of ovarian cancer and outcomes in women diagnosed with 

ovarian cancer. A meta-analysis of 25,157 women found higher body mass index (BMI) 

was associated with an increased risk of ovarian cancer among never-users of hormonal 

therapy [3]. Data suggest 24 to 57% of women with ovarian cancer are overweight, and 

10 to 35% are obese [4–10]. Importantly, meta-analyses and individual studies have also 

found that obesity pre-, post-, or at diagnosis is a predictor of higher occurrence of surgical 

complications and worse overall survival among women with ovarian cancer [4, 5, 11–13]. 

These data suggest the relevance of interventions for women diagnosed with ovarian cancer 

that address obesity. However, involuntary weight loss and being underweight (BMI < 18.5 

kg/m2) after treatment are also associated with worse survival among women with advanced 

ovarian cancer [6, 14, 15]. Several studies of women undergoing ovarian cancer treatment 

indicated involuntary weight loss (from 1.2 to 2.2 kg) during chemotherapy treatment was 

common [14–16]. Based on current knowledge, achieving and maintaining a healthy weight 

(BMI 18.5–25.0 kg/m2) may improve the prognosis of women diagnosed and treated for 

ovarian cancer.

Body weight or BMI alone does not fully describe body composition or differentiate 

between fat mass and lean body mass (LBM). Therefore, having body composition 

measures from whole-body dual-energy X-ray absorptiometry (DEXA) scans is important to 
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understand the changes in body composition more fully, with objective measures of total fat 

mass, LBM, and bone mineral density (BMD).

The American Cancer Society recommends 2.5 h of moderate-intensity exercise per week 

and twice-weekly resistance training for cancer survivors [17] because of its role in 

improving quality of life, physical function, arthralgia, mental health, and cancer-related 

fatigue [18–20]. However, most women diagnosed with ovarian cancer (64–81%) are not 

meeting physical activity guidelines [21]. Exercise trials have shown weight management 

and muscle preservation in breast and prostate cancer survivors [22–24], but thus far, to our 

knowledge, no study has examined the effect of exercise on body composition in women 

treated for ovarian cancer. Therefore, we examined the effect of a 6-month aerobic exercise 

intervention on body composition among women treated for ovarian cancer in the Women’s 

Activity and Lifestyle Study in Connecticut (WALC).

Methods

The WALC study

The study design, recruitment strategy, and intervention content of the WALC Study have 

been described previously [25]. Briefly, 144 women treated for ovarian cancer were enrolled 

and randomized in a 1:1 ratio to a 6-month exercise intervention (N = 74) or an attention-

control (N = 70) arm between May 1, 2010, and March 20, 2014. Eligible participants were 

18 to 75 years old, English-speaking, diagnosed with stage I–IV ovarian cancer within the 

past 4 years, completed chemotherapy at least 1 month prior to randomization, exercising 

less than 90 min per week, and received physician consent to participate.

Recruitment and study visits

Women from Connecticut were recruited using the Rapid Case Ascertainment Shared 

Resource of the Yale Cancer Center, a Connecticut Tumor Registry field arm that identified 

women from all hospitals in Connecticut. Women were also recruited at two additional study 

sites: Dana-Farber Cancer Institute (Boston, MA) and Geisinger Health Systems (Danville, 

PA). Some women living outside Connecticut learned about the study through national 

support groups, physicians, or brochures in clinic waiting rooms, and were screened via 

telephone. If eligible, women completed baseline questionnaires and were then randomized.

The study was approved by the Connecticut Department of Public Health and the Yale 

Human Investigation Committees, Dana-Farber/Harvard Cancer Center Institutional Review 

Board (IRB), Geisinger Health Systems IRB, and all 21 Connecticut hospital IRBs 

(ClinicalTrials.gov: NCT02107066, https://clinicaltrials.gov/ct2/show/NCT02107066). All 

participants gave written informed consent.

Measures

Self-reported sociodemographic variables were collected at baseline. Disease stage, time 

since diagnosis, chemotherapy, treatment status, and history of recurrence were obtained via 

self-report, with an additional questionnaire completed by the participants’ physicians to 

obtain physician-verified treatment information and review of medical records.
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Physical activity levels were assessed using the Modifiable Physical Activity Questionnaire 

[26], which asked about the duration and frequency of 20 recreational activities during the 

previous 6 months. For women randomized to the exercise intervention arm, Daily Activity 

Logs completed by the women and Call Logs completed by the interventionists were used to 

monitor weekly progress towards the weekly exercise goal (150 min).

Height and weight were measured by study staff using standardized procedures at in-person 

visits at baseline and 6 months. Participants were weighed in light clothing without 

shoes; measurements were rounded up to the nearest 0.1 kg. Height without shoes was 

measured using a stadiometer, with measurements rounded up to the nearest 0.5 cm. Body 

composition, including total fat mass, LBM and BMD were measured by whole-body 

DEXA scans (Hologic QDR 1500, Hologic Inc., Waltham, Mass) and participants followed 

standard guidelines for scans regarding drug and food intake. All DEXA scans were 

evaluated by a radiologist blinded to the study arm. For participants who did not complete 

in-person visits due to not being within driving distance of recruiting hospitals, no physical 

assessments were conducted, and DEXA scans were not obtained (N = 41).

Intervention

The exercise intervention consisted of home-based moderate-intensity aerobic exercise 

facilitated by weekly phone calls from an American College of Sports Medicine (ACSM)-

Certified Cancer Exercise Trainer. Women were counseled on increasing their physical 

activity to 150 min/week of moderate-intensity aerobic exercise, mainly via brisk walking. 

Adherence was measured using self-report seven-day Daily Activity Logs on the type, 

duration, and intensity (based on heart rate monitors) of exercise. Achieving the exercise 

goal of 150 min/week was considered adherent a priori. Participants also reported their 

exercise levels during weekly telephone calls with the exercise trainer. Using a 26-chapter 

book developed for the study informed by the Social Cognitive Theory [27], the trainer 

provided weekly counseling including motivational interviewing technique via telephone 

during which they discussed educational topics on exercise and reviewed a weekly ovarian 

cancer health education topic to increase participant’s exercise levels.

The attention-control health education arm received weekly phone calls from a WALC staff 

member, on ovarian cancer health education topics along with a 26-chapter book that only 

contained ovarian cancer survivorship-related information.

Statistical analysis

This secondary analysis only includes women who completed in-person visits and had their 

body composition measured by DEXA, either only at baseline (N = 20) or at both baseline 

and 6 months (N = 83) (Fig. 1). At baseline, 53 women in the exercise arm and 50 women 

in the control arm completed DEXA scans at baseline, with 44 (83%) and 39 (78%) women 

respectively completing a DEXA scan at 6 months.

Baseline demographic and clinical characteristics were compared using Student’s t-test, the 

chi-square test, or Fisher’s exact test. A mixed-model repeated measures analysis was used 

to evaluate a 6-month change in body composition between women randomized to exercise 

intervention versus attention-control according to the intention-to-treat principle [28] and 
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baseline measures were retained as part of the response profile. Linear contrasts were used 

to obtain the change in body composition in each group and group differences, while 

baseline values of the two arms were constrained to be equal. This approach accounted 

for the baseline difference between the two arms, although the difference did not reach 

statistical significance (all P > 0.05). Least squares means and 95% confidence intervals 

(CI) estimated from the models were reported. The study site was included as a covariate in 

the models. We also evaluated recurrence before study enrollment and time since diagnosis 

as covariates, but these were excluded from the final models as they did not affect the 

parameter estimates.

Among women randomized to the exercise intervention arm, we explored the effect of 

exercise on body composition by compliance with the exercise goal (< 150 min per week 

vs ≥ 150 min per week). Effect modification of exercise on body composition by adherence, 

disease stage, baseline obesity, educational level, employment status, and living alone was 

examined by including group by time by moderator interaction terms in the model as 

exploratory analyses in all women. Among women who were followed up at 6 months, 

we further explored variables associated with 5% or more change in body weight using a 

one-way analysis of variance, chi-square test, or Fisher’s exact test.

All analyses were conducted using SAS Version 9.4 (SAS, Cary, NC) and statistical tests 

were two-sided, with a 0.05 statistical significance level, except for exploratory effect 

moderation analyses where a 0.20 statistical significance level was used to detect a larger 

range of potential effect modifiers.

Results

Study population

The mean age of the 103 women was 57.1 ± 8.7 years, and the average time since ovarian 

cancer diagnosis was 1.6 ± 0.9 years (Table 1). A majority of the women had completed 

high school (96.1%), were non-Hispanic white (95.2%), employed (54.9%), married or 

living with a partner (74.8%), and post-menopausal at diagnosis (62.8%). Fifty-two percent 

of the women had stage III or stage IV ovarian cancer, 93.2% of the participants received 

chemotherapy before the study, and 17.5% had a cancer recurrence prior to enrollment. At 

baseline, women reported an average of 28.5 ± 43.9 min per week of physical activity, 

and their mean BMI was 29.4 ± 6.8 kg/m2. Thirty-two percent and fifty percent of women 

randomized to the exercise intervention (N = 17/53) and attention-control (N = 25/50) were 

obese at baseline, respectively (P = 0.06). The mean body fat percentage of the study sample 

was 40.6 ± 5.7%, mean LBM was 42.6 ± 7.5 kg, and mean BMD was 1.1 ± 0.1 g/cm2. All 

characteristics and baseline body composition were similar between the two study arms (all 

P > 0.05).

Women with DEXA (N = 103) included in this analysis were similar to women without 

DEXA (N = 41), except those without baseline DEXA were more likely to have an advanced 

degree and to have been self-referred (only 7 women were not self-referred), and further 

from date of diagnosis (data not shown).
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Body composition

Women randomized to the exercise intervention maintained weight during the 6-month trial 

(− 0.11 kg, 95% CI: − 1.32 to 1.09 kg, P = 0.82), while women in the attention-control arm 

gained weight (+ 1.40 kg, 95% CI: 0.14 to 2.66 kg, P = 0.03) (Table 2). The between group 

difference in weight change was suggestive of the intervention preventing weight gain, but 

this did not reach statistical significance (− 1.51 kg, 95% CI: − 3.26 to 0.23 kg, P = 0.09). 

Women randomized to the exercise intervention had a similar change in body fat percentage 

at 6 months (+ 0.13%, 95% CI: − 0.79 to 1.05%, P = 0.78) compared to women randomized 

to attention-control (+ 0.38%, 95% CI: − 0.59 to 1.36%, P = 0.44; between group P = 0.71). 

Women in both groups had stable LBM during the study period (exercise: − 0.43 kg, 95% 

CI: − 1.07 to 0.20 kg vs. attention-control: + 0.31 kg, 95% CI: − 0.36 to 0.98 kg; between 

group P = 0.11). All participants had similar losses in BMD (between group P = 0.46); 

however, the reduction in BMD at 6 months was significant in the attention-control arm (− 

0.01 g/cm2, 95% CI: − 0.02 to − 0.001, P = 0.03), but not the exercise arm (− 0.01 g/cm2, 

95% CI: − 0.02 to 0.004, P = 0.22).

Moderation analyses

No significant differences in change in body composition were found for women who met or 

did not meet the a priori specified 150 min/week exercise goal in the intervention arm (all P 
> 0.20, data not shown).

Among all 103 women, there was some evidence of effect modification for various body 

composition measures by attendance to the 25 weekly exercise counseling phone calls, 

cancer stage, baseline BMI and if the participant lived alone (Table 3). For attendance, 27 

(51%) women randomized to exercise and 10 (20%) women randomized to attention-control 

attended all 25 sessions. Exercisers attended 22.8 ± 3.6 sessions on average, which was 

significantly higher than the number of sessions women randomized to attention-control 

attended (20.9 ± 5.3 sessions, P = 0.04). Attendance to phone calls was positively correlated 

with average weekly exercise time during the study (Pearson correlation P = 0.05). Exercise 

had a more significant effect on weight loss, percentage body fat loss, and LBM preservation 

among women who attended all sessions (P for interaction = 0.07 (weight); 0.02 (body fat 

percentage); 0.04 (LBM)). In women who attended all sessions, exercisers experienced a 

greater loss in body weight and percentage body fat compared to attention-control women 

(weight: − 3.25, P = 0.02; percentage body fat: − 2.21%, P = 0.05) and had no significant 

change in LBM (0.55, P = 0.47). In contrast, no difference in change in weight or percentage 

of body fat between the exercise and attention-control groups was seen for women who 

were not 100% compliant with the phone sessions (P > 0.05), but exercise women lost 

more LBM compared to the control group (− 1.47 kg; P = 0.02). Compared to early-stage 

patients, exercise had a larger effect on body fat percentage loss among late-stage patients 

(P for interaction = 0.14), but less effect on LBM loss (P for interaction = 0.20). Exercise 

effectively reduced body weight and LBM in women with a baseline BMI ≥ 30 kg/m2 

(exercise vs. control: weight: − 3.20 kg, P = 0.02; LBM: − 2.08 kg; P = 0.002), but not 

among women with a baseline BMI < 30 kg/m2. Women who lived alone during the study 

period and were randomized to exercise lost more weight (P = 0.003), body fat (P = 0.005), 

and LBM (P = 0.04), and preserved more BMD (P = 0.04) than attention-control women, 

Cao et al. Page 6

J Cancer Surviv. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



but such effect was not seen in women who lived with other people. Education level and 

employment status did not modify these same associations (P for interaction > 0.20, data not 

shown).

Percent weight change analysis

We further compared demographic and clinical characteristics of women by percentage 

weight change from baseline to 6 months, regardless of study arm, to understand variables 

associated with a clinically significant weight change (data not shown). Among 83 

women who completed both baseline and 6-month DEXA scans, 6 women lost more than 

5% baseline weight at the end of the study, 7 women gained more than 5% baseline 

body weight, while the majority (N = 70) maintained a relatively stable weight. Basic 

demographic characteristics, including age, race/ethnicity, education level, employment 

status, marital status, and living alone were similar between the three weight change groups, 

as well as clinical characteristics, baseline physical activity level, and baseline BMI and 

LBM. Women who maintained stable body weight had lower body fat percentage at baseline 

(39.87 ± 5.88%) compared to the two other groups (weight gain: 44.50 ± 3.98%, P = 0.046; 

weight loss: 45.15 ± 3.96%, P = 0.03). Change in body fat percentage (P < 0.001), but not 

change in LBM (P = 0.91), followed a similar pattern.

Discussion

We found a suggestive benefit of a 6-month randomized controlled trial of moderate-

intensity exercise versus attention-control on maintenance of body weight and BMI among 

women who had been treated for ovarian cancer. We did not observe differences by study 

arm for percent body fat, LBM, and BMD. Among women randomized to attention-control, 

there was statistically significant weight gain and BMD loss.

Weight change following diagnosis among women with ovarian cancer is an important 

topic worth further examination. To our knowledge, there are no other exercise trials on 

weight and body composition changes in women treated for ovarian cancer, but previous 

observational studies have described weight change during and shortly after treatment. Gil 

and colleagues found the mean body weight of 33 ovarian cancer patients treated with 

adjuvant chemotherapy decreased after surgery and then returned to baseline levels by 1 year 

(P = 0.003) [16]. Among these women, early-stage patients had a 2.8 ± 2.0 kg weight gain 

during treatment, while patients with advanced-stage disease had a 1.5 ± 1.5 kg weight loss 

[16]. Weight loss among advanced-stage patients at the initiation of treatment was also seen 

by Hess et al. [14], 645 ovarian cancer patients on two different chemotherapy regimens 

experienced weight loss after the first chemotherapy cycle (− 2.2 kg for cisplatin/paclitaxel, 

− 1.2 kg for carboplatin/paclitaxel). Women either returned to pre-treatment weight status 

(carboplatin/paclitaxel regimen) or maintained a lower weight until the end of the treatment 

(cisplatin/paclitaxel regimen) [14]. Mardas et al. observed a similar reduction in body weight 

after the first chemotherapy cycle followed by a recovery (P < 0.001) among 165 ovarian 

cancer patients [15]. In contrast to existing research, women in our study were on average 

1.6 years from diagnosis and had completed chemotherapy. Attention-control women gained 

weight during the trial. This mirrors observational studies of weight gain after the first cycle 
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of chemotherapy, but to our knowledge studies of post-treatment ovarian cancer survivors 

are lacking and there are no other interventions to which we can compare our findings. 

Of note, participating in an intervention trial can impact the behaviors of control arm 

participants, so observational studies of a population similar to ours might observe greater 

weight gain. Therefore, the post-treatment weight trajectory of women treated for ovarian 

cancer remains largely unknown and warrants future research.

A meta-analysis of 8245 ovarian cancer patients found obesity pre-diagnosis, at diagnosis or 

at the beginning of chemotherapy, was a predictor of worse overall survival [11]. However, 

weight gain during chemotherapy has been associated with improved overall survival in 

women with ovarian cancer in observational studies [14, 15]. Post-treatment underweight 

status has also had a detrimental impact on ovarian cancer survival in observational data [6]. 

Weight loss in observational studies is more likely to be involuntary rather than intentional 

weight loss. Involuntary weight loss during cancer treatment could be a marker of poorer 

overall health status or cancer progression, with poor appetite, treatment-related nausea, 

chemotherapy-induced muscle loss, or physical inactivity during treatment implicated in 

the weight change [29]. While the role of weight gain on overall survival among ovarian 

cancer survivors requires further study, weight gain, or obesity may result in extraglandular 

estrogens from adipose tissue which could stimulate the proliferation of residual malignant 

cells, potentially leading to disease recurrence [30]. Overall, weight management, including 

prevention of involuntary weight loss due to chemotherapy side effects and an increase in fat 

mass, may improve ovarian cancer prognosis.

In our study, women randomized to exercise who were 100% adherent to the counseling 

phone calls had significant weight loss, body fat loss, and stable LBM compared to women 

in the attention-control group who were fully adherent. No difference in change in body 

composition was seen for those who were not 100% compliant with the phone calls, 

except for LBM loss. We did not observe differences by study arm for the other DEXA 

body composition measures. While there are no other studies to which we could compare 

our results, the small sample size in sub-groups, type of exercise recommended, and the 

relatively short duration of our intervention could play a role in these null findings. Previous 

studies suggest resistance exercise effectively preserved lean body mass in cancer survivors 

[31–37] and could be more effective compared to aerobic exercise [38]. Future intervention 

studies should consider combined resistance and aerobic training, which is recommended by 

the American Cancer Society and the ACSM [17, 19].

We could not assess sarcopenia in our sample due to a lack of muscle strength 

measurements. As a syndrome characterized by loss of skeletal muscle mass and low 

muscle strength or physical performance [39], sarcopenia is associated with worse survival 

in ovarian cancer patients [7, 9, 10, 40–43]. The prevalence of sarcopenia ranges from 11 

to 68% among women with ovarian cancer [44], highlighting that interventions to preserve 

muscle mass could be important for cancer-related outcomes in these women. Chemotherapy 

can increase muscle protein degeneration [45], and side effects of chemotherapy, such as 

fatigue, may lead to physical inactivity, thus exacerbating muscle loss. As more than 90% 

of women in our study were treated with chemotherapy, mirroring rates in ovarian cancer 

patients in general, assessing sarcopenia would be an important component for future work 
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in this area. One limitation of our study is that we measured LBM via DEXA, which is 

only a surrogate for muscle mass. However, previous exercise trials among cancer survivors 

have measured body composition via DEXA [34, 38, 46] and found a significant change 

in LBM and/or fat mass after 12 to 17 weeks, supporting our approach of assessing body 

composition via DEXA over a 6-month period. Currently, computer tomography (CT) is 

considered the gold standard for the non-invasive assessment of muscle quantity. Although 

the agreement between DEXA and CT measured sarcopenia is high, to better understand 

sarcopenia in ovarian cancer patients and explore potential ways to preserve muscle mass, 

future studies should employ more accurate measurements of muscle mass, such as D3-

creatinine or CT [47, 48].

Women who had a BMI ≥ 30 kg/m2 at baseline lost more body weight compared to women 

with BMI < 30 kg/m2 due to exercise, which could be driven by the loss in LBM we also 

observed in this group. Although weight loss during chemotherapy has been associated with 

worse survival [6, 14, 15], the effect of post-treatment intentional weight loss among obese 

ovarian cancer survivors has not been explored yet. We also observed that women who lived 

alone lost more weight compared to women who lived with others, which could be explained 

by that the intervention not addressing relatedness or could potentially be due to women 

living alone having different responsibilities and time for exercise. Our stratified results are 

exploratory and more data are needed to examine these potential differential effects to better 

guide future lifestyle interventions for ovarian cancer survivors.

To our knowledge, this is the first randomized controlled trial that examined the effect of 

exercise on body composition in women treated for ovarian cancer. Strengths of our study 

include the population-based recruitment, the relatively large sample size for this cancer 

type, and limited exclusion criteria making our population generalizable to other ovarian 

cancer survivors. Our results add to the evidence that exercise is not only feasible and safe, 

but potentially beneficial for weight maintenance among ovarian cancer survivors who have 

completed treatment. Since our intervention did not specifically target weight loss, we did 

not intervene on diet, but future studies could consider adding a dietary intervention along 

with exercise, which could lead to a more substantial effect on body weight change [49]. 

In addition, incorporating resistance training as mentioned above could also help to prevent 

potential muscle mass loss that often parallels weight loss.

In summary, there was a suggestion that weight and BMI were maintained as a result of a 6-

month exercise intervention of 150 min/week of primary brisk walking in our population of 

ovarian cancer survivors who were on average 1.6 years from diagnosis. Several in-progress 

studies should provide more evidence on this important topic in the near future. The 

Physical Activity and Dietary intervention in women with OVArian cancer (PADOVA) study 

was recently initiated to study the effect of a combined exercise and dietary intervention 

on the body composition of 122 ovarian cancer patients undergoing chemotherapy [50]. 

The Lifestyle Intervention for Ovarian Cancer Enhanced Survival (LIVES) study, which 

enrolled 1200 women with ovarian cancer in a 2-year diet and exercise intervention on 

progression-free survival will also have measures of body composition [51]. Although 

accumulating evidence from observational studies has shown being physically active is 

associated with lower mortality in ovarian cancer patients [52, 53], our understanding of the 
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effect of exercise and weight change on ovarian cancer outcomes, such as recurrence and 

survival, is still limited. Large observational studies with extended follow-up and additional 

randomized controlled trials are needed to examine such associations and understand if body 

composition is a mediating variable. Future studies should also explore effective ways to 

promote weight management and prevent muscle loss to help improve the prognosis of 

ovarian cancer survivors.
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Fig. 1. 
CONSORT diagram
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