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Abstract

Background: Cancer-related fatigue (CRF) is a common side effect impacting breast cancer 

survivors. Research points to a relationship between obesity and CRF in breast cancer survivors, 

related to elevated systemic inflammation and metabolic alterations.

Methods: This cross-sectional study examined the relationship of obesity to CRF, inflammatory 

markers and serum lipids through a secondary analysis of a nationwide randomized controlled 

trial. Breast cancer survivors with CRF were categorized based on BMI category. Symptoms of 

CRF, inflammatory markers and serum fatty acids were assessed among groups.

Results: There were 105 breast cancer survivors in the analysis. BMI was positively associated 

with CRF based on MFSI General (p=0.020; 95% C.I. 0.024, 0.273) and MFSI Physical (p=0.013; 

95% C.I. 0.035, 0.298) subscales. TNF-α (p=0.007; 95% C.I. 0.007, 0.044) and IL-6 (p=0.020; 

95% C.I. 0.006, 0.073) were elevated in the obese. Monounsaturated fatty acid levels (p=0.047; 
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95% C.I. 0.000, 0.053) and the omega-6 to omega-3 fatty acid ratio were associated with obesity 

(p=0.047; 95% C.I. 0.002, 0.322).

Conclusions: Obese breast cancer survivors had greater levels of CRF, inflammatory markers 

and certain fatty acids. Inflammatory markers and fatty acids were not found to have any 

mediating or positive association with CRF variables in this analysis. NCT02352779.

Keywords

Obesity; BMI; breast cancer; IL-6; cancer-related fatigue

Introduction

Cancer-related fatigue (CRF) is a persistent and debilitating symptom of cancer and its 

treatment and commonly affects patients with breast cancer (1–3). Symptoms of CRF 

include a subjective sense of physical, emotional, and/or cognitive tiredness that is not 

proportional to recent activity. CRF is an ongoing feeling of exhaustion that cannot be 

alleviated by sleep or rest and leads to loss of function and diminished quality of life (QOL) 

(3–6). Treatment options for CRF remain inadequate (1). Up to one-third of breast cancer 

survivors experience CRF for over ten years after treatment (7–9). Additionally, health status 

and pretreatment comorbidities, may impact the severity of CRF in a breast cancer survivor 

(10), including elevated body mass index (BMI), which is associated with increased CRF in 

patients with breast cancer (10–12).

Etiological factors for CRF may originate from alterations in metabolic pathways associated 

with chronic inflammation, although mechanisms of CRF from cancer and cancer treatment 

are still not clear (13, 14). In cancer, there is an increased systemic inflammatory response 

resulting in elevated levels of tumor necrosis factor (TNF)-α, interleukin (IL)-6, IL-8, IL-10 

and other pro-inflammatory molecules (15–17). Xiao et al. (2017) identified a relationship 

between C-reactive protein (CRP) and other pro-inflammatory cytokines and fatigue, where 

elevated levels of inflammatory biomarkers correlated with greater CRF in patients with 

breast cancer (18, 19). Although cancer itself promotes inflammation, patients receiving 

chemotherapy treatment generally experience greater inflammation and symptoms of CRF 

long-term, due to the increased generation of inflammatory cytokines such as TNF-α from 

immune cells (20).

Obesity, as the result of the accumulation of excessive adipose tissue, is also associated with 

chronic low-grade inflammation (21, 22). As higher levels of white adipose tissue interacts 

with macrophages, both adipocytes and macrophages were found to produce exponentially 

more pro-inflammatory cytokines, including TNF-α and IL-1β (23, 24). Increasing levels of 

IL-1β stimulate production of IL-6, which may in turn increase symptoms of CRF in cancer 

survivors (23, 25).

Obesity also stimulates metabolic changes that are pro-inflammatory (26). Free fatty acid 

(FFA) levels often become elevated in obese individuals due to release from adipose tissue 

and reduced FFA clearance. FFAs are known to travel through the bloodstream and create 

low-grade inflammation in skeletal muscle and other regions of the body (27, 28). Elevated 
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FFAs also inhibit insulin, including insulin’s anti-lipolytic action, promoting FFA release 

into the bloodstream (27, 28). Rates of insulin resistance are higher in the skeletal muscle of 

breast cancer survivors with obesity (29). Elevated levels of plasma free fatty acids promote 

defects in insulin signaling and insulin resistance (27, 30). Insulin resistance and elevated 

blood glucose levels further increase inflammation. Insulin resistance can decrease energy 

supply to muscle, is tied to fatigue and impaired mitochondrial function (22, 31). Taken 

together, insulin resistance in obese breast cancer survivors may contribute to CRF through 

higher inflammation levels, lower energy to muscle and mitochondrial dysfunction.

Dyslipidemia, common in obesity, is a condition where triglycerides and low-density 

lipoprotein (LDL) cholesterol are elevated while high density lipoprotein (HDL) levels are 

below healthy cutoffs (26). In patients with obesity, uncontrolled fatty acid release from 

adipose tissue, especially visceral adipose tissue, increases fatty acid delivery to the liver and 

synthesis of very-low-density lipoprotein (VLDL), further promoting hypertriglyceridemia 

or high serum triglycerides. Hypertriglyceridemia is associated with elevated IL-6 and 

TNF-α (28). What potential role, if any, elevated FFAs, dyslipidemia and chronic low-grade 

inflammation play in CRF remains unclear (28). However, due to these factors, the obese 

breast cancer patient may be burdened with a heavier symptom-load of CRF for a longer 

period of time (13).

In previous studies, excess adiposity appeared to be detrimental to the health and long­

term prognosis of breast cancer survivors (32, 33). Many patients with breast cancer are 

overweight or obese at the time of diagnosis and obesity is a known risk factor for 

breast cancer (11, 34, 35). In addition, weight gain post-treatment is common for both 

premenopausal and postmenopausal breast cancer survivors (10, 11, 13, 36, 37).

Based on these previous findings, we hypothesized that the physiological etiology of CRF 

in breast cancer survivors may be directly linked to obesity and altered metabolic pathways 

resulting from increased adiposity. The primary objective of this cross-sectional study was 

to examine the strength of the relationship between obesity (based on BMI categories) and 

CRF symptoms in breast cancer survivors. We also investigated the relationship of BMI on 

metabolic factors such as blood lipids and inflammatory markers as potential mediators of 

CRF in this population. To our knowledge, this study is one of the first studies to assess the 

relationship of obesity on CRF, inflammation and serum lipids in breast cancer survivors.

Materials and Methods

Study Population

This study is a secondary analysis of a nationwide multicenter randomized controlled trial 

investigating the impact of fish oil vs. soybean oil supplementation on symptoms such as 

CRF in breast cancer survivors (38). Breast cancer survivors were recruited by clinical 

research coordinators during regularly scheduled oncologic visits. Eligibility included a 

confirmed diagnosis of breast cancer (stage 0-III), completion of chemotherapy, surgery 

and/or radiation therapy (on-going hormonal therapy allowed) within 4–36 months, ≥ 18 

years of age and the presence of CRF. CRF was classified as a score ≥ 4 on the Symptom 
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Inventory, an 11-point scale where “0” = no fatigue and “10” = as bad as you can imagine. 

Exclusion criteria included previous confirmed diagnosis of chronic fatigue syndrome.

The study was conducted through the University of Rochester Cancer Control NCI 

Community Oncology Research Program (NCORP) Research Base. A total of five NCORP 

sites obtained institutional review board approvals for participation in the randomized 

controlled trial. The study was activated November 2014 and closed to accrual in June 

2015. This secondary analysis is a cross-sectional evaluation of all the participants prior to 

an intervention of lipid supplement administration. A complete description of methods was 

described previously (38).

Demographic and Medical Data

All eligible participants completed study specific forms for demographic information. 

Clinical data were collected by clinical research coordinators from medical charts. Height 

and weight, obtained from the clinical record, were used to calculate BMI. Participants were 

then classified based on BMI category to determine obesity status: normal weight (18.5–24.9 

kg/m2; n=17), overweight (25.0–29.9 kg/m2; n=28), class I obesity (30.0–34.9 kg/m2; n=31), 

class II obesity (35.0–39.9 kg/m2; n=16) or class III obesity (≥ 40.0 kg/m2; n=13).

Karnofsky Performance Status (KPS) was obtained from the medical record. KPS Index is 

an assessment tool for functional impairment and prognosis in cancer survivors (39, 40). 

Ranging from 0 [dead] to 100 [normal activity, healthy], with a high score considered to be 

between 80–100 (41, 42). Race and exercise status came from self-reported information on 

demographic forms. Exercise status was assessed based on whether or not participants stated 

that they exercised weekly on a regular basis over the past six months.

Cancer-Related Fatigue Measures

Many researchers assess CRF as a multidimensional symptom of patient functioning, 

therefore, we used multiple tools for symptom assessment (43). Tools in this study 

examined the effect of CRF across several domains, including physical and socio-emotional 

functioning. Symptoms related to CRF were evaluated by the Brief Fatigue Inventory (BFI), 

Multidimensional Fatigue Symptom Inventory Short Form (MFSI-SF) and a fatigue question 

from the Symptom Inventory (SI) questionnaire. For all survey instruments except the 

MFSI Vigor subscale, a higher score indicates greater CRF. A lower score on the MFSI 

Vigor subscale is related to lower energy levels and mood state (44). The BFI is a 9-item, 

psychometrically validated instrument (45). Both the MFSI-SF and SI are reliable and 

validated in patients with cancer and breast cancer survivors (46, 47). The MFSI is a 

30-item short form of the MFSI that yield scores for the empirically derived subscales. The 

subscales are designed to assess general, physical, emotional, behavioral and mental aspects 

of fatigue (48). The SI questionnaire asks patients to rate the severity of 13 disease and 

cancer treatment-related symptoms on an 11-point scale (49). The fatigue question was the 

only item included in this analysis.
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Biomarkers

Serum was collected in vacutainers from a fasting blood draw at baseline. Protein levels 

of inflammatory markers (TNF-α, IFN-γ, IL-4, IL-5, IL-6, IL-8, IL-10) were assessed; 

samples were run in duplicate and quantified using a Luminex Magpix. The median 

of 50 beaded reactions per well was used to determine concentration per participant in 

picograms (pg)/mL. Pre-mixed customized MILLIPLEX MAP human cytokine and cytokine 

receptor magnetic bead immunoassay kits (catalog numbers: HCYTMAG-60K (Interleukins, 

TNF-α, IFN-γ)) were used for the analysis per manufacturer’s protocol (Millipore, Corp., 

Burlington MA).

Serum Fatty Acid and Lipid Analysis

Long-chain fatty acid and lipid concentrations were measured using capillary gas 

chromatography and electron-capture negative ion-mass spectrometry with use of methods 

previously described (Mayo Medical Laboratories, Rochester, MN).(50)

Statistical Analyses

Distribution of baseline characteristics was evaluated. The mean value and standard 

deviation were calculated for continuous variables and number (n) and proportion (%) of 

participants were reported for categorical measures. The magnitude and patterns of missing 

data were assessed for each variable across all groups of participants. No essential patterns 

of missing data were determined is this exploratory secondary analysis, and so we reported 

the complete case analysis.

The distribution of variables was assessed. Logarithmic transformations (log2) were applied 

to inflammatory markers to achieve a closer fit to normal distribution. Other variables 

did not require transformation. Initially, inflammatory markers, serum fatty acids, lipids 

and fatigue measures were evaluated by the mean of each of the five BMI categories. 

Then for the formal statistical inference, we evaluated BMI as a continuous variable. The 

associations of the measures with BMI were evaluated in bivariate analysis (Pearson’s 

correlations) and subsequently in multivariate linear regression analyses controlling for age, 

education level, time since diagnosis and exercise. The collinearity among covariates was 

assessed. Mediation analysis technique was used to assess the potential mediating effect 

of inflammatory markers and fatty lipids on the relation between obesity and CRF.(51) 

The analysis was adjusted by controlling for age, education level, time since diagnosis and 

exercise. P-values < 0.05 considered statistically significant. All analyses were conducted in 

SAS 9.4 (SAS Institute, Cary, NC).

Results

Demographic and Medical Data

In the original randomized controlled trial there were 108 participants. However, three 

participants were excluded from this study due to not having weight records needed to 

calculate BMI, leaving 105 in the analysis. In this analysis, 105 women with breast cancer 

were evaluated for factors related to CRF, inflammation and lipids based on obesity status. 

The proportion of pre-menopausal patients was highest among participants with normal 
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weight (29%). There were no marked differences among BMI categories in terms of race, 

education, cancer stage, exercise, previous cancer treatment or hormone status (see Table 1). 

The BMI assessment did not identify any breast cancer survivors who were underweight in 

this study. KPS scores were negatively correlated (p<0.001; 95% C.I. −0.667, −0.264) with 

BMI so that the participants in the class II and class III obesity groups had the lowest scores.

Cancer-Related Fatigue Measures

Obesity, based on BMI was associated with greater severity of CRF as measured by the 

MFSI General (p=0.020; 95% C.I. 0.024, 0.273) and MFSI Physical (p=0.013; 95% C.I. 

0.035, 0.298) subscales, where the obese categories had the highest scores. MFSI Vigor 

(p=0.108; 95% C.I. −0.218, 0.022) and the MFSI-SF Total (p=0.055; 95% C.I. −0.009, 

0.873) showed a trend towards significance, indicating a higher BMI may be associated with 

less vigor and more overall fatigue (see Table 2).

Inflammatory Markers

Among inflammatory cytokine levels, TNFα (p=0.007; 95% C.I. 0.007, 0.044) and IL-6 

(p=0.020; 95% C.I. 0.006, 0.073) were elevated in the obese (see Figure 1); obese classes 

II and III had the highest levels and the normal weight participants had the lowest levels of 

these cytokines (see Table 3).

Fatty Acid and Lipid Profiles

In the serum lipid analysis, only monounsaturated fatty acid levels (p=0.047; 95% C.I. 

0.000, 0.053) and the omega-6 to omega-3 fatty acid ratio were significantly associated 

with obesity (p=0.047; 95% C.I. 0.002, 0.322) (see Table 4). Oleic acid trended towards 

significance among groups (p=0.053; 95% C.I. −0.241, 40.627). There was no mediating 

variable such as an inflammatory marker or fatty acid associated with both BMI and CRF 

simultaneously, leading researchers to conclude that the relationship of BMI to inflammation 

and inflammation to CRF is more complicated in this dataset. For the mediation analysis, 

biomarkers that were associated with BMI (IL-6,TNF-a, MUFA, Oleic Acid, Omega-3/

Omega-6 ratio) were tested to further explain the relationship between obesity and CRF. 

None of the markers associated with BMI were also significantly associated with CRF in the 

mediation analysis.

Discussion

To our knowledge, this analysis is one of the first studies to assess the association of obesity 

on CRF, inflammation and serum lipids in breast cancer survivors. In this cohort of breast 

cancer survivors, we found a positive association between BMI and CRF levels, markers 

of systemic inflammation and serum lipids. CRF levels based on the MFSI-SF Physical 

and General subscales were highest in obese breast cancer survivors in this analysis. MFSI­

SF Total scores demonstrated a trend towards significance with increasing obesity class. 

Inflammatory markers TNF-α and IL-6 were positively associated with BMI, with the 

highest levels in those with class II and class III obesity. Serum FFA levels were similar 

among obesity classes, although levels of monounsaturated fatty acids and the omega-6/

omega-3 ratio were elevated in the obese breast cancer survivors.
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Based on the MFSI General and MFSI Physical, the obese groups experienced more severe 

CRF. In a recent study, CRF levels as measured by MFSI-SF subscales were directly related 

to QOL in patients with resected lung cancer (52). Research by Chan et al. identified a 

minimal clinically important difference (MCID) for the MFSI-SF based on a within patient 

deterioration of 4.50–10.79 points based on anchor and distribution-based methods (53). In 

this study all the obese groups on average scored 6.27– 13.58 points higher on the MFSI-SF 

total than the normal weight group. Those in the class III obesity group continued to score 

above the MCID for MFSI Physical than the normal weight group. Although the MCID 

calculated by Chan et al. compared a within-patient difference, the greater scores for those 

in the obese groups may be a further indication for clinicians and researchers that the obese 

suffer greater fatigue (53, 54).

Previous studies reported that inflammatory markers IL-6 and TNF-α were elevated in 

patients with CRF. Van Vulpen et al. found IL-6 to be associated with CRF in a randomized 

controlled trial evaluating patients with breast cancer over the course of treatment (55). 

In a recent study of patients with acute myeloid leukemia, both men and women also 

demonstrated a positive relationship between IL-6 with CRF (56). Lastly, in a separate 

study evaluating single nucleotide polymorphisms (SNPs) in patients with breast cancer, 

Kühl et al. followed 1389 patients for 6.2 years post-diagnosis and 950 patients 11.7 years 

post-diagnosis; they identified a significant association between a SNP variant of TNF-α 
and long-lasting CRF post-chemotherapy (57). In this study elevated TNF-α and IL-6 levels 

and CRF were both positively associated with BMI and greater in participants in obese 

categories.

Obesity promotes chronic inflammation, greater concentrations of inflammatory cytokines 

and reduced adiponectin levels (10, 58). In obesity, macrophages are more common and 

their properties become altered so that the more abundant adipose tissue macrophages 

become pro-inflammatory (59). These pro-inflammatory macrophages produce tumor­

promoting cytokines including TNF-α and IL-6 (59). Due to chronic inflammation, the 

obese breast cancer patient may be burdened with a higher symptom load, including greater 

CRF levels, over a longer period of time (10, 13). Future research examining the association 

of chronic inflammation due to obesity on CRF is needed in cancer survivors.

In this analysis, serum FFA levels were examined extensively among groups. Previous 

studies show a relationship with obesity and higher levels of FFAs (60, 61). Although serum 

FFA levels appeared to increase with obesity status, this difference was not significant 

for most fatty acids studied in this analysis. Only total monounsaturated fatty acids had 

a significant association with BMI. Myristoleic acid, oleic acid, palmitic acid and total 

fatty acid trended toward being higher in the obese groups, but the differences were 

not significant. In a recent study in Lebanon by Yammine et al., higher levels of serum 

monounsaturated fatty acids were significantly positively associated with BMI, dietary 

saturated fatty acids and endogenous lipogenesis in women (62). In another recent study 

looking at women with class III obesity, serum monounsaturated fatty acids and saturated 

fatty acids were positively associated with inflammation. As discussed earlier, increased 

inflammation is associated with CRF (63). The omega-6/omega-3 fatty acid ratio was also 

positively associated with higher BMI. A higher ratio of omega-6/omega-3 fatty acids in 
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the peripheral blood leads to overproduction of pro-inflammatory cytokines and appears to 

promote higher rates of inflammatory chronic disease (64). Higher levels of omega-6 to 

omega-3 is also associated with obesity levels in previous research (65). Therefore, based on 

previous findings, the obese groups may have further inflammation due to elevated serum 

fatty acid levels. Increased inflammation may further increase CRF and other symptoms.

We conducted a mediation analysis with the goal of finding a variable significantly tied to 

both CRF and inflammation. None of the inflammatory markers (IL-6; TNF-α) or fatty acids 

(MUFA, Oleic Acid, Omega-3/Omega-6) which were associated with BMI were found to 

correlate to any CRF variables. A systematic review by Eyob et al., found inflammatory 

cytokines such as IL-6 to be associated with CRF in patients with cancer who received 

chemotherapy (66). Khosravi recently found IL-6 to be positively correlated with CRF 

in newly diagnosed leukemia patients (56). Sha et al., evaluated lung cancer patients and 

showed that TNF- α was elevated in patients with greater CRF (67). However, other 

research found that inflammatory cytokines such as TNF- α are no longer elevated after 

chemotherapy (68). The explanation as to why inflammatory markers were not directly tied 

to CRF in this study could be due to the fact that these breast cancer survivors were 4–36 

months post-treatment. Although inflammation from cancer and cancer treatment leads to 

an increase in inflammation, this inflammatory response decreases over time post-treatment, 

even though the patient continues to experience CRF (12). The exact etiology of CRF is 

still not understood, and potentially, inflammation does not have to be present continually 

to alter mechanisms that lead to fatigue in cancer survivors. Furthermore, the small sample 

size of this study may not be sufficient to answer the question of whether inflammatory 

markers mediate the relationship between BMI and CRF. Only a modest numbers of studies 

are published on fatty acids and CRF with mixed findings on the influence of various fatty 

acids in breast cancer survivors (8, 38). More research is needed to determine whether an 

intake of a lower fat diet or more anti-inflammatory fatty acids reduce CRF.

Strengths for this study include a multicenter dataset and inclusion of variables related to 

both obesity and CRF such as inflammatory markers. This increases generalizability across 

female breast cancer survivors in the United States.

There are also a number of limitations to consider for this study. This analysis is cross­

sectional and therefore cannot establish temporality. The sample was also limited in that 

most participants were Caucasian, post-menopausal and early stage (stage 0/I/II) breast 

cancer survivors. There were no data on lean mass and functional measures such as grip 

strength which may also relate to CRF and/or BMI. For fatty acids, data was missing for 

19% of participants. This study also did not have data on chemotherapy dose, which may be 

somewhat increased in obese cancer patients and therefore contribute to symptoms.

Conclusion

In this study, CRF as measured by the MFSI General and MFSI Physical, was higher 

in obese breast cancer survivors, based on BMI. BMI was also positively correlated with 

inflammatory markers TNF-α and IL-6. Those with class II and class III obesity levels had 

the greatest levels of these markers. Blood lipids associated with inflammation, such as the 
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omega-6 /omega-3 ratio, were also elevated in those with greater obesity levels based on 

BMI. These findings point to a potential combined role of obesity on CRF levels, systemic 

inflammation and serum lipids in breast cancer survivors. Interventions to help reduce 

long-term symptoms in breast cancer survivors should include ways to reduce obesity and 

to target inflammatory pathways associated with cancer, obesity and CRF. Awareness of the 

added burden of obesity in breast cancer survivorship may lead to better clinical outcomes in 

the medical and community settings.
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Figure 1. 
Factors that contribute to cancer-related fatigue in breast cancer survivors with obesity.
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Table 1.

Descriptive statistics among groups, N=105.

Variable Normal n=17 Overweight n=28
Obese Class I 

n=30
Obese Class II 

n=16
Obese Class III 

n=13 P-value

Age (mean, SD) 57±14.5 61.6±8.7 58.7±10.5 60.3±9.7 59±10.8 0.703

Body mass index (mean, SD) 22.5±1.9 27.6±1.4 32.4±1.5 36.4±1.3 45.2±7.4 <0.001

Race (n, %) 0.313

 Caucasian 16 (94%) 24 (86%) 30 (100%) 15 (94%) 12 (92%)

 Other 1 (6%) 4 (14%) 0 1 (6%) 1 (8%)

Education 0.214

Graduate 4 (23.5%) 6 (21%) 3 (10%) 1 (6%) 1 (8%)

College 3 (17.5%) 10 (36%) 18 (60%) 10 (63%) 5 (38%)

High School/GED 9 (53%) 9 (32%) 8 (27%) 4 (25%) 6 (46%)

No high School 0 1 (4%) 0 0 0

Unknown 1 (6%) 2 (7%) 1 (3%) 1 (6%) 1 (8%)

Menopausal status 0.070

 Premenopausal 5 (29%) 1 (4%) 2 (7%) 3 (19%) 3 (23%)

 Postmenopausal 12 (71%) 27 (96%) 28 (93%) 13 (81%) 10 (77%)

Time from diagnosis 
(months) (mean, SD) 21.1±8.0 18.0±9.3 24.9±9.9 16.3±7.0 20.0±9.8 0.015

Cancer stage 0.462

Stage 0 2 (12%) 1 (4%) 1 (3%) 0 1 (8%)

Stage 1 7 (41%) 14 (50%) 11 (37%) 9 (56%) 3 (23%)

Stage 2 3 (17.5%) 11 (39%) 15 (50%) 4 (25%) 6 (46%)

Stage 3 3 (17.5%) 2 (7%) 3 (10%) 2 (13%) 3 (23%)

Unknown 2 (12%) 1 (6%)

KPS (mean, SD) 92.4±4.4 93.6±5.6 91.3±5.7 89.4±6.8 85.4±9.7 0.003

Exercise (n, %) 7 (41%) 10 (36%) 7 (21%) 3 (19%) 2 (15%) 0.257

Current Hormonal Therapy 
(n, %) 12 (71%) 24 (86%) 20 (67%) 13 (81%) 11 (85%) 0.593

Previous Hormone Therapy 
(n, %) 0 7 (25%) 5 (17%) 4 (25%) 1 (8%) 0.158

Chemotherapy (n, %) 7 (41%) 12 (43%) 15 (50%) 8 (50%) 8 (61%) 0.766

Radiation (n, %) 14 (82%) 18 (64%) 19 (63.3%) 13 (81%) 9 (69%) 0.379

Surgery (n, %) 16 (94%) 25 (89%) 28 (93.3%) 15 (94%) 11 (84%) 0.704

ER status (positive) 14 (82%) 24 (86%) 26 (87%) 12 (75%) 12 (92%) 0.751

PR status (positive) 11 (65%) 23 (82%) 21 (70%) 11 (69%) 10 (77%) 0.705

HER2 status (positive) 4 (23.5%) 4 (14%) 6 (20%) 2 (12.5%) 3 (23%) 0.773

SD, standard deviation; KPS, Karnofsky Performance Status; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth 
factor receptor 2.

P-value was based on ANOVA for continuous variables and Chi-square for all categorical variables.
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Table 2.

Differences in cancer-related fatigue measures among groups (N=105, mean ± standard deviation per group).

Variable Normal n=17
Overweight 

n=28
Obese Class I 

n=31
Obese Class II 

n=16
Obese Class III 

n=13 P-value*
Adjusted P-

value**

MFSI-SF Total 19.00±15.75 22.42±12.46 29.00±17.30 25.27±16.33 32.58±16.14 0.051 0.055

MFSI General 14.00±5.15 13.42±3.96 16.07±4.28 13.60±4.48 18.42±2.84 0.043 0.020

MFSI Physical 5.93±4.30 8.12±4.55 7.10±4.97 7.87±4.36 11.42±5.26 0.040 0.013

MFSI Emotional 4.80±4.33 3.85±3.85 5.86±4.95 4.53±5.19 5.08±5.23 0.344 0.467

MFSI Mental 4.73±4.61 6.77±5.00 7.97±4.77 7.27±4.62 5.08±4.42 0.779 0.646

MFSI Vigor 10.47±4.61 9.73±4.34 8.00±4.30 8.00±4.94 7.42±3.65 0.044 0.108

SI Fatigue 6.00±2.48 5.85±1.43 6.76±1.86 6.20±1.66 7.08±1.73 0.371 0.481

BFI Total 4.67±1.58 4.97±1.56 5.37±1.93 5.78±2.03 5.62±1.90 0.125 0.184

MFSI, Multidimensional Fatigue Symptom Inventory-Short Form; SI, Symptom Inventory; BFI, Brief Fatigue Inventory.

*
P-value for bivariate association with BMI as a continuous variable.

**
P-value for association of markers with BMI as a continuous variable from multivariate linear regression controlling for age, education level, 

time since diagnosis and exercise.
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Table 3.

Differences in inflammatory cytokines among groups (N=105, mean ± standard deviation).

Variable
§

Normal n=17
Overweight 

n=28
Obese Class I 

n=31
Obese Class II 

n=16
Obese Class 

III n=13 P-value*
Adjusted P-

value**

TNFα, pg/ml 2.10±1.19 2.17±0.53 2.48±0.45 2.56±0.60 2.51±0.68 0.030 0.007

IL-1β, pg/ml −0.13±1.62 −0.13±1.62 −0.19±1.55 0.02±1.81 0.99±2.01 0.175 0.219

IL-2, pg/ml 0.22±1.41 0.22±1.41 −0.18±1.29 −0.02±1.22 0.68±1.78 0.696 0.659

IL-4, pg/ml 2.05±1.68 2.05±1.68 2.44±2.16 1.42±2.36 2.92±2.08 0.231 0.364

IL-5, pg/ml 0.85±2.29 0.17±1.91 0.50±1.77 0.61±2.47 0.69±1.47 0.966 0.904

IL-6, pg/ml 0.60±1.61 1.23±1.17 1.20±1.17 1.42±0.72 1.88±0.91 0.020 0.020

IL-8, pg/ml 3.04±2.07 2.97±1.20 3.01±0.81 3.31±0.99 3.09±0.91 0.677 0.402

IL-10, pg/ml 2.19±1.67 2.31±1.45 2.52±1.44 2.39±1.44 2.93±1.30 0.342 0.365

IFNγ, pg/ml 2.10±1.19 2.17±0.53 2.48±0.45 1.77±1.76 2.78±1.35 0.192 0.112

§
Inflammatory markers were transformed by logarithm (log2).

TNF, tumor-necrosis factor; IL, interleukin; IFNγ, interferon-gamma.

*
P-value for bivariate association with BMI as a continuous variable.

**
P-value for association of markers with BMI as a continuous variable from multivariate linear regression controlling for age, education level, 

time since diagnosis and exercise.
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