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Abstract 

Association of adherence to 

the American Cancer Society guidelines 

for cancer survivors with quality of life 

among breast cancer survivors 

Dahye Koh 

Department of Food and Nutrition 

The Graduate School 

Seoul National University 

Breast cancer is the most common cancer in women worldwide. The development 

and validation of guidelines for breast cancer survivors are important because 

survivor rate of breast cancer has increased. Compliance with guidelines regarding 

healthy lifestyle behaviors may be beneficial for a better quality of life among breast 

cancer survivors. This cross-sectional study aimed to examine the association 

between adherence to the American Cancer Society (ACS) guidelines for cancer 

survivors and health-related quality of life (HRQoL). A total of 618 breast cancer 

survivors aged 30 to 81 years who had been diagnosed with stage I to III primary 

breast cancer and had surgery at least a year before enrollment were included. The 

participants completed the 36-Item Short-Form Health Survey (SF-36) to evaluate 
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HRQoL, and adherence scores were calculated based on the Nutrition and Physical 

Activity Guidelines for Cancer Survivors, which were released by the ACS. The 

ACS guidelines are comprised of the following three components: (1) achieving and 

maintaining a healthy body weight; (2) engaging in regular physical activity; and (3) 

following the ACS Guidelines on Nutrition and Physical Activity for Cancer 

Prevention; achieving a dietary pattern that is high in vegetables, fruits, and whole 

grains and low in processed and red meat. The least-squares means (LS-means) and 

95% confidence intervals (CIs) of the HRQoL scores were estimated according to 

the quintiles of adherence scores using the generalized linear models (GLMs). 

Multiple comparisons were additionally adjusted using a false discovery rate (FDR) 

and considered statistically significant at p-values<0.1. The adherence scores ranged 

from 3 to 12. Higher adherence scores were associated with improved physical 

component summary, physical functioning, bodily pain, and vitality; LS-means (95% 

CIs) of the lowest and the highest quintiles of adherence scores: for the physical 

component summary, 46.29 (44.76–47.83) and 48.99 (47.34–50.63; p for 

trend<0.001), respectively; for the physical functioning, 44.08 (42.47–45.69) and 

47.30 (45.58–49.03; p for trend<0.001), respectively; for bodily pain, 47.27 (45.25–

49.29) and 49.91 (47.74–52.08; p for trend=0.01), respectively; for vitality, 45.37 

(43.05–47.68) and 48.56 (46.07–51.04; p for trend=0.02), respectively. These 

associations were mainly driven by the associations among survivors with stage II–

III cancer and premenopausal status at diagnosis. When we examined each 

component of the ACS guidelines (physical activity, diet, and BMI), higher physical 
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activity levels were associated with improved physical component summary, 

physical functioning, bodily pain, general health, and vitality scores, which were 

mainly driven by breast cancer survivors with stage II–III or premenopausal status 

at diagnosis. Furthermore, the positive associations between diet scores and the 

HRQoL were only found among the participants with stage II–III breast cancer or 

premenopausal status. Higher BMI scores were associated with the physical 

component summary and physical functioning, whereas there were no significant 

associations among breast cancer survivors with stage I breast cancer or 

postmenopausal status at diagnosis. In summary, better adherence to the ACS 

Guidelines on Nutrition and Physical Activity for Cancer Survivors was associated 

with better HRQoL among Korean breast cancer survivors. This positive association 

between adherence scores and the HRQoL scores was more pronounced among 

breast cancer survivors with stage II–III cancer compared to those with stage I cancer. 

Further prospective studies are needed to evaluate whether adherence to these 

guidelines improves the HRQoL among breast cancer survivors. 

Keyword: Breast cancer survivors, Health-related quality of life (HRQoL), Cancer 

survivor guidelines, Lifestyle behaviors, Physical activity 

Student Number: 2018-27218 
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I. Introduction 

Breast cancer is the most common cancer (24.2% of the total cases in 2018) and the 

leading cause of cancer deaths (15.0% of the total cancer deaths in 2018) in women 

worldwide (Bray et al., 2018). Similarly, it is the most common female cancer in 

Korea, with the age-standardized incidence rate among women of 54.9 per 100,000 

in 2016 (Jung, Won, Kong, & Lee, 2019a). Due to advances in the early detection 

and treatment of breast cancer, the survival rate of patients has continuously 

increased in Korea. According to the Korea Central Cancer Registry data, the 5-year 

relative survival for Korean women with breast cancer between 2012 and 2016 was 

92.7%, which was 14.8% higher than that of those diagnosed between 1993 and 1995 

(Jung et al., 2019a). Various lifestyle factors, especially nutrition and physical 

activity, may be associated with a better prognosis and health-related quality of life 

(HRQoL) for breast cancer survivors. 

Among breast cancer survivors in the U.S. Health, Eating, Activity, and Lifestyle 

(HEAL) study, better post-diagnostic diet quality was directly associated with 

improved physical and mental functioning (Wayne et al., 2006). In addition, several 

observational studies examined the possible relationship between physical activity 

and the quality of life in Greek (Patsou, Alexias, Anagnostopoulos, & Karamouzis, 

2018) and Korean (Shin et al., 2017) breast cancer survivors, and showed that 

engaging in physical activity was positively associated with a better quality of life, 

such as fewer depressive symptoms and less fatigue and pain. Furthermore, some 
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intervention studies also support the positive effects of a healthy diet and exercise 

(Demark-Wahnefried et al., 2015; Kwiatkowski et al., 2017; Swisher et al., 2015) or 

increased physical activity (Courneya et al., 2003; Penttinen et al., 2019) on the 

quality of life in breast cancer survivors in mainly Caucasian populations. Asian 

breast cancer patients have different characteristics, including the age of onset, tumor 

types, and menopausal status at diagnosis, compared to Western breast cancer 

patients (Huang, Lin, Lu, & Shen, 2010; Yi et al., 2012). Nonetheless, most of these 

studies were conducted in Western populations (Courneya et al., 2003; Demark-

Wahnefried et al., 2015; Kwiatkowski et al., 2017; Patsou et al., 2018; Penttinen et 

al., 2019; Swisher et al., 2015; Wayne et al., 2006), and there is a lack of evidence 

about associations between healthy diet and the quality of life among cancer 

survivors in Asian populations. 

In addition to higher attention on the role of diet and physical activity in the health 

status of cancer survivors, several guidelines for cancer survivors to achieve a better 

prognosis and the quality of life have been suggested. The World Cancer Research 

Fund/American Institute for Cancer Research (WCRF/AICR) has continuously 

updated recommendations on nutrition and physical activity for cancer prevention 

(World Cancer Research Fund/American Institute for Cancer Research, 2018c). The 

American Cancer (ACS) also released guidelines on nutrition and physical activity 

for cancer prevention and emphasized that weight management, physical activity, 

and diet are significant lifestyle factors for cancer prevention (Kushi et al., 2012). In 

2012, the ACS advised that cancer survivors should maintain a healthy body weight, 
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engage in physical activity, and achieve a healthy diet based on the ACS Guidelines 

on Nutrition and Physical Activity for Cancer Prevention (Rock et al., 2012). 

Although compliance with the guidelines for a healthy lifestyle may be beneficial 

to breast cancer survivors, few studies have examined the possible relationship 

between adherence to guidelines for breast cancer survivors and the quality of life 

(Blanchard, Courneya, Stein, & American Cancer Society's, 2008; Inoue-Choi, 

Lazovich, Prizment, & Robien, 2013; Lei et al., 2018; Song, Hwang, Moon, Noh, & 

Lee, 2015). 

This cross-sectional study aimed to determine whether better adherence to the 

ACS guidelines for cancer survivors was associated with higher levels of the HRQoL 

scores among Korean breast cancer survivors. In addition, we examined the 

associations between each component of the ACS guidelines and the HRQoL, and 

whether these associations varied by breast cancer stage and menopausal status at 

diagnosis.
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II. Literature review 

1. Epidemiology of breast cancer 

Breast cancer is the most commonly occurring female cancer and the leading cause 

of cancer death (15.0% of total cancer deaths in 2018) among women worldwide 

(Bray et al., 2018). Of the 8.6 million new cases for females in 2018, 24.2% of the 

total cases were breast cancer, followed by colorectum and lung cancer (Bray et al., 

2018). In both sexes combined, female breast cancer (11.6% of the total cases) was 

closely following lung cancer, which was the most prevalent cancer (11.6% of the 

total cases) (Bray et al., 2018). The age-standardized incidence rate for breast cancer 

was 46.3 per 100,000 in 2018, which far exceeded the rate for other cancers (Bray et 

al., 2018).  

Likewise, breast cancer was the most frequently diagnosed cancer among Asian 

women in 2018 (Ferlay et al., 2019). Breast cancer incidence rates in some regions 

including Asia have rapidly increased (Bray, McCarron, & Parkin, 2004). More 

specifically, the age-standardized incidence rate among Korean women in 2016 was 

54.9 per 100,000, which was 34% higher than that in 1999 (Jung et al., 2019a). In 

addition, the survival rate of Korean breast cancer survivors has continuously 

improved as a result of advances in the early detection and treatment of cancer. 

According to the Korea Central Cancer Registry data, the 5-year relative survival for 

Korean women with breast cancer between 1993 and 1995 was 77.9%, although that 

of those diagnosed between 2012 and 2016 was 92.7% (Jung et al., 2019a). 
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The estimated numbers of new cancer cases and deaths for female breast cancer 

during 2019 in Korea were 24,010 and 2,706, respectively. Furthermore, the 

estimated age-standardized incidence for breast cancer among women during 2019 

in Korea is projected to be 58.4 per 100,000 (Jung, Won, Kong, & Lee, 2019b). 

Breast cancer is estimated to be the most prevalent cancer in women aged 35 to 64 

years in 2019 in Korea (Jung et al., 2019b). 
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2. The role of dietary factors in breast cancer development 

and prognosis 

Diet has been considered to play an important role in the development of breast 

cancer. A meta-analysis of observational studies reported that a Western dietary 

pattern was associated with an increased risk of breast cancer (relative risk (RR), 

1.14; 95% confidence interval (CI), 1.02–1.28), which is driven by women with 

postmenopausal status (Xiao et al., 2019). Otherwise, a prudent dietary pattern was 

associated with a reduced risk of breast cancer (RR, 0.82; 95% CI, 0.75–0.89) and 

this inverse association was limited in premenopausal women (Xiao et al., 2019). 

For breast cancer prevention, it has been suggested that dietary factors including 

fruits, vegetables, fiber, meat, soy foods, and isoflavones are related to the risk of 

developing breast cancer (Harvie, Howell, & Evans, 2015). In the report of the 

Continuous Update Project (CUP) by the WCRF/AICR, it was suggested that there 

is a significant inverse association between non-starchy vegetable intake and breast 

cancer risk, but this is limited to estrogen receptor (ER)-negative breast cancers 

(World Cancer Research Fund/American Institute for Cancer Research, 2018a). In 

addition, the association between carotenoid intake and risk of breast cancer was 

investigated in a pooled analysis of 18 cohort studies including 1,028,438 

participants (Zhang et al., 2012). The results showed that dietary intakes of α-

carotene (RR, 0.87; 95% CI, 0.78–0.97), β-carotene (RR, 0.84; 95% CI, 0.77–0.93), 

and lutein/zeaxanthin (RR, 0.87; 95% CI, 0.79–0.95) were associated with lower risk 
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of ER-negative breast cancer when comparing the highest quintile and the lowest 

quintile (Zhang et al., 2012). The WCRF/AICR report also concluded that the 

possible association of carotenoid intake with breast cancer risk was stronger for ER-

negative breast cancer (World Cancer Research Fund/American Institute for Cancer 

Research, 2018a). 

Breast cancer prevention associated with diet has been studied for a long period 

of time, but there is limited evidence on how diet after diagnosis is associated with 

breast cancer prognosis. Only a few studies have examined the associations of foods 

containing fiber, soy, total fat or saturated fatty acids with all-cause mortality (World 

Cancer Research Fund/American Institute for Cancer Research, 2018b). In the CUP 

meta-analysis of the WCRF/AICR including three and four prospective cohort 

studies on breast cancer survival, the WCRF/AICR concluded that there was a 

significant inverse association between consumption of foods containing fiber and 

all-cause mortality (RR, 0.69 and 0.88 per 10g/day of fiber intake before and 12 

months or more after diagnosis of primary breast cancer, respectively) (World 

Cancer Research Fund/American Institute for Cancer Research, 2018b). The 

possible association between soy food intake and prognosis among breast cancer 

survivors was examined in the After Breast Cancer Pooling Project, excluding the 

Nurses’ Health Study cohort (Nechuta et al., 2012). In that pooled analysis, a post-

diagnostic intake of ≥10 mg isoflavones/day was associated with a reduced risk of 

recurrence of breast cancer, but the association of soy food consumption with risk of 

breast cancer-specific mortality was not statistically significant (Nechuta et al., 
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2012). Furthermore, a meta-analysis of cohort studies found that adherence to high 

diet-quality indices and a prudent dietary pattern was associated with a reduced risk 

of overall mortality among breast cancer survivors (RR, 0.76; 95% CI, 0.60–0.90 for 

diet-quality indices; RR, 0.76; 95% CI, 0.60–0.96 for prudent dietary pattern) 

(Schwedhelm, Boeing, Hoffmann, Aleksandrova, & Schwingshackl, 2016). 

Contrarily, high adherence to a Western dietary pattern was associated with an 

increased overall mortality risk among breast cancer survivors (RR, 1.44; 95% CI 

1.17–1.77) (Schwedhelm et al., 2016).
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3. Quality of life in breast cancer survivors 

The World Health Organization (WHO) defines the quality of life as a person's 

perception of his/her position in life within the context of the culture and value 

systems in which he/she lives and in relation to his/her goals, expectations, standards, 

and concerns (Group, 1994). Although studies have shown that the quality of life in 

breast cancer survivors tended to improve with time since diagnosis (Ho, Gernaat, 

Hartman, & Verkooijen, 2018), breast cancer patients reported a poorer HRQoL than 

the general population after the diagnosis of cancer, partly because of fatigue, pain, 

and insomnia (Lee et al., 2011), and emotional, cognitive, and social functioning 

(Schou, Ekeberg, Sandvik, Hjermstad, & Ruland, 2005). Moreover, the number of 

breast cancer survivors has rapidly risen because the incidence rate and the 5-year 

relative survival of breast cancer among Korean women have increased (Jung et al., 

2019a). As a result, the quality of life of breast cancer survivors, including physical 

and mental functioning, has become important for their better prognosis (De Aguiar, 

Bergmann, & Mattos, 2014; Mai et al., 2019; Montazeri, 2009; Staren, Gupta, & 

Braun, 2011). 

A review study indicated a positive association between the quality of life of breast 

cancer patients and survival (Montazeri, 2009). In a prospective cohort study of 

women who had survived for 4 years after breast cancer treatment, breast cancer 

survivors with a more negative perspective on the future had a higher risk of death 

than those with a more positive future perspective level (hazard ratio (HR), 3.46; 95% 
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CI, 1.36–8.79) (De Aguiar et al., 2014). Another Korean cohort study found that 

higher scores on the physical (HR, 0.70; p-value=0.029), role (HR, 0.68; p-

value=0.001), and emotional (HR, 0.72; p-value=0.012) scales were associated with 

improved all-cause mortality among breast cancer survivors (Mai et al., 2019). On 

the contrary, higher scores in fatigue (HR, 1.34; p-value=0.006), dyspnea (HR, 1.29; 

p-value=0.009), and appetite loss (HR, 1.24; p-value=0.036) increased the risk of 

death (Mai et al., 2019). 

Several studies examined factors associated with the quality of life for breast 

cancer patients, including lifestyle behaviors, social support, demographics, and 

clinical characteristics (Ganz et al., 2002; Gong et al., 2017; Ho et al., 2018; Mols, 

Vingerhoets, Coebergh, & van de Poll-Franse, 2005). In a cross-sectional study of 

the HRQoL in Chinese breast cancer survivors, physical exercise and enough 

vegetable and fruit intake were positively associated with the HRQoL, including 

global health status and overall well-being (Gong et al., 2017). Furthermore, those 

who followed several healthy behaviors simultaneously had better HRQoL than 

those who adopted only one healthy behavior (Gong et al., 2017). A systematic 

review of studies on the HRQoL of Asian breast cancer survivors reported that 

shorter time since diagnosis of breast cancer, lower education levels, and advanced 

stage breast cancer were associated with poorer HRQoL (Ho et al., 2018). Another 

review study on the quality of life of long-term breast cancer survivors found that 

sufficient social support from family or friends and a higher income were associated 

with a better quality of life (Mols et al., 2005). In addition, in a prospective study of 
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long-term, disease-free survivors of breast cancer, although participants reported 

high levels of the quality of life many years after primary treatment, past systemic 

adjuvant treatment had adverse effects on several dimensions of the quality of life 

(Ganz et al., 2002).  
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4. Health-related quality of life associated with guidelines for 

cancer survivors among breast cancer survivors 

Given that lifestyle factors are of great importance for effective treatment, recovery, 

lower risk of recurrence, and a better quality of life of cancer survivors, several 

guidelines, particularly regarding diets, weight management, and physical activity, 

have been suggested. 

The WCRF/AICR advised that cancer survivors should follow their 

recommendations for cancer prevention inclusive of food choices, body weight, and 

exercise (World Cancer Research Fund/American Institute for Cancer Research, 

2007). The ACS reported guidelines on nutrition and physical activity for cancer 

prevention, emphasizing that weight management, physical activity, and diet are 

important (Kushi et al., 2012). The ACS then released the Nutrition and Physical 

Activity Guidelines for Cancer Survivors in 2016 (Rock et al., 2012). The ACS 

guidelines for cancer survivors include maintaining a healthy body weight, engaging 

in physical activity (at least 150 minutes per week), and achieving a healthy dietary 

based on the ACS Guidelines on Nutrition and Physical Activity for Cancer 

Prevention (achieving a dietary pattern that is high in vegetables, fruits, and whole 

grains, and low in red and processed meat) (Rock et al., 2012). Moreover, breast 

cancer survivorship care guidelines regarding nutrition, physical activity, and clinical 

care were additionally published by the ACS and the American Society of Clinical 

Oncology (Runowicz et al., 2016). 
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Nonetheless, as yet the evidence is insufficient yet to show whether adherence to 

these guidelines is advantageous in terms of providing a better quality of life for 

breast cancer survivors. Several epidemiologic studies have suggested the possible 

relationship between better compliance with guidelines for cancer prevention and 

risk of breast cancer incidence and mortality among the general population 

(Andreano, Rebora, Valsecchi, & Russo, 2017; Cifu & Arem, 2018; Harris, 

Bergkvist, & Wolk, 2016; Nomura, Inoue-Choi, Lazovich, & Robien, 2016). In 

addition, many epidemiologic studies have investigated the favorable aspects of a 

healthy diet (Kim et al., 2018; Wayne et al., 2006), increased physical activity levels 

(Courneya et al., 2003; Patsou et al., 2018; Penttinen et al., 2019; Shin et al., 2017), 

and both diet and exercise (Carayol et al., 2019; Demark-Wahnefried et al., 2015; 

Kwiatkowski et al., 2017; Swisher et al., 2015) with HRQoL for breast cancer 

survivors. However, studies of breast cancer survivors examining the association 

between adherence to guidelines and the quality of life are lacking (Blanchard et al., 

2008; Inoue-Choi et al., 2013; Lei et al., 2018; Song et al., 2015). A previous cross-

sectional study showed that better adherence to the ACS guidelines was associated 

with higher levels of social functioning among Korean breast cancer survivors (Song 

et al., 2015). In another U.S. cross-sectional study, greater adherence to the 

WCRF/AICR recommendations was associated with higher scores for the physical 

and mental component summary (Inoue-Choi et al., 2013). Among Chinese breast 

cancer survivors, the participants who adhered to the WCRF/AICR 

recommendations for cancer prevention at an 18-month follow-up had higher scores 
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for global health status, physical functioning, and role functioning, and lower scores 

for fatigue and pain (Lei et al., 2018). Those breast cancer survivors adhering to more 

lifestyle behaviors recommended by the ACS guidelines during and after treatment 

reported higher HRQoL (Blanchard et al., 2008).
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III. Subjects and Methods 

1. Study population 

Female breast cancer survivors were recruited at six hospitals in Korea between June 

2015 and May 2019. Among the recruited breast cancer survivors who completed a 

structured questionnaire (n=700), participants who underwent breast cancer surgery 

less than a year before enrollment or did not have that information (n=17), who had 

not been diagnosed with stage I to III breast cancer according to the American Joint 

Committee on Cancer (AJCC) (n=19), who had metastasis (n=3) or recurrence (n=5) 

of breast cancer before enrollment, and who were diagnosed with other cancers 

before enrollment or did not have that information (n=17) were excluded from this 

study. Those 639 participants were asked to complete the 36-Item Short-Form Health 

Survey (SF-36) to evaluate HRQoL. Breast cancer survivors were further excluded 

if they did not have body mass index (BMI) (n=1) or dietary information (n=8), or 

did not complete the SF-36 questionnaire (n=6). Study participants who reported 

implausible energy intake (±3 standard deviations (SDs) from the mean of the log-

transformed energy intake, n=6) were additionally excluded. In total, 618 breast 

cancer survivors were included in the analysis and all participants provided written 

informed consent. The flow diagram of the study population included in the present 

study is shown in Figure 1. The institutional review boards of each hospital approved 

all procedures of this study: the National Cancer Center, Korea (NCC2014-0101), 

Soonchunhyang University Hospital (SCHBC2014-12-004-001), Chonbuk National 
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University Hospital (CUH2014-05-002-005 and CUH2018-02-004-004), Keimyung 

University Dongsan Medical Center (DSMC2015-03-026), Konkuk University 

Medical Center (KUH1020068), and Samsung Medical Center (SMC2016-07-073-

004).
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Figure 1. Flow diagram of study population included in the analysis 
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2. Assessment of dietary, lifestyle and clinical information 

Dietary information was collected using either 3-day dietary records or food 

frequency questionnaires (FFQs). A total of 338 breast cancer survivors reported 

their dietary intake using 3-day dietary records on three nonconsecutive days, 

including two weekdays and one day on the weekend. The participants recorded all 

foods and beverages using food photograph booklets provided to help them estimate 

portion size. Food and nutrient intake from 3-day dietary records were calculated 

using the Computer-Aided Nutritional Analysis Program (CAN-pro) version 4.0 

(The Korean Nutrition Society, Seoul, Korea). The daily intake (g/day) of each food 

item was calculated by averaging the 3-day intakes. An FFQ was developed for 

Korean breast cancer survivors in 2016, which is composed of 123 food and 

beverage items (Shin et al., 2016) and was completed by 280 participants. Energy 

and nutrient intakes were calculated by multiplying the portion size by the daily 

frequency; the nine possible frequency categories were never or almost never, once 

per month, two to three times per month, once per week, two to four times per week, 

five to six times per week, once per day, two times per day and three times per day. 

In the FFQ validation study, the median energy-adjusted Pearson correlation 

coefficients were 0.41 for macronutrients and 0.36 for micronutrients (manuscript in 

preparation). Although dietary information was obtained using either 3-day dietary 

records or the FFQs, an appreciable difference was not found by the dietary 

measurement method. 
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Anthropometric data (height and weight) were measured at the enrollment. The 

height and weight measured at diagnosis were used if the information at enrollment 

was missing. For physical activity levels, the data were collected using a structured 

questionnaire containing the type, duration, and frequency of exercise in which the 

participants regularly engaged. A metabolic equivalent task (MET)-hours/week was 

calculated for each type of exercise and summed over all activities to yield the total 

MET-hours/week. A MET value was assigned to each physical activity reported in 

the questionnaire according to the Compendium of Physical Activities (Ainsworth 

et al., 2011). Other factors, such as smoking status, alcohol intake, socioeconomic 

status, and reproductive history, were also collected through the structured 

questionnaire and clinical information was collected via the medical records from 

each hospital. 

3. Outcome assessment 

HRQoL levels were assessed using the SF-36 health survey version 2.0, a 

multipurpose health survey with 36 questions that yield an eight-scale profile of 

scores for physical and mental health measures (Maruish, 2011). The eight domains 

are physical functioning, role-physical, bodily pain, general health, vitality, social 

functioning, role-emotional, and mental health, and the results are presented in the 

form of summaries of the two main domains: the physical component summary, and 

the mental component summary (Ware, 2000). The SF-36 profile scales were 

calculated based on the calculation manual provided by the developers of the survey 
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using the Pro CoRE version 1.3 Smart Measurement System (Optum Inc., Johnston, 

RI, USA). The physical component summary and mental component summary were 

calculated from all health domains; physical functioning, role-physical, bodily pain, 

and general health contributed to the physical component summary, while vitality, 

social functioning, role-emotional and mental health contributed to the mental 

component summary (Ware, 2000; Ware & Sherbourne, 1992). The higher the scores, 

the better the status for all the domains of the HRQoL (Maruish, 2011). 

4. Operationalization of adherence scores 

Adherence scores were calculated based on each criterion of the Nutrition and 

Physical Activity Guidelines for Cancer Survivors, which was released by the ACS 

(Rock et al., 2012) (Table 1). The ACS guidelines for cancer survivors contain the 

following three elements: (1) achieve and maintai a healthy body weight, (2) engage 

in regular physical activity, and (3) follow the ACS Guidelines on Nutrition and 

Physical Activity for Cancer Prevention (i.e., achieving a dietary pattern that is high 

in vegetables, fruits, and whole grains and low in processed and red meat) (Kushi et 

al., 2012; Rock et al., 2012). 

First, BMI categories were based on the Asia-Pacific classification for obesity: 

underweight (<18.5 kg/m2), normal (18.5 to <23 kg/m2), overweight (23 to <25 

kg/m2), moderate obese (25 to <30 kg/m2), and severe obese (≥30 kg/m2) (World 

Health Organization, 2000). As both underweight (Moon, Han, & Noh, 2009) and 

obesity (Chan et al., 2014) have been suggested to adversely affect the prognosis of 
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breast cancer patients, the lowest score was assigned to <18.5 or ≥30 kg/m2, and 

participants with a BMI of 25 to <30, 23 to <25, and 18.5 to <23 kg/m2 received a 

score of 2, 3, and 4, respectively. Second, the participants were divided into four 

groups based on quartiles of physical activity levels, and the highest quartile was 

given a score of 4, whereas the lowest quartile was given a score of 1. Third, all food 

items obtained from dietary records and FFQs were grouped into fruits and vegetable, 

whole grains, and red and processed meat. For each food group, the intake (g/day) 

was divided into quartiles, and a score of 4 was assigned to the highest quartile of 

fruits and vegetables intake and whole grains intake and the lowest quartile of red 

and processed meat intake. Each score from the three food groups was then summed 

and regrouped into quartiles with the lowest and the highest quartile, given a score 

of 1 and 4, respectively. The overall adherence scores were calculated by summing 

the three scores of adherence to the ACS guidelines and ranged from 3 to 12. 



32 

Table 1. The ACS guidelines criteria and operationalization of adherence scores 

The ACS guidelines for cancer 

survivors 
Operationalization Scoring 

1. Achieving and maintaining a healthy 

body weight 

BMI (kg/m2)  

<18.5 or ≥30, 25–<30, 23–<25, and 

18.5–<23 
1–4 

2. Engaging in regular physical activity 
(MET-hours/week)  

Quartile 1–4 1–4 

3. Following the ACS guidelines for 

cancer prevention: achieving a dietary 

pattern that is high in vegetables, fruits, 

and whole grains and low in processed 

and red meat.* 

Fruits and vegetables intake (g/day)  

Quartile 1–4 1–4 

Whole grains intake (g/day)  

Quartile 1–4 1–4 

Red and processed meat intake (g/day)  

Quartile 1–4 4–1  

Abbreviations: ACS, American Cancer Society; BMI, body mass index; MET, metabolic 

equivalent task 

* The scores of three groups were summed and divided into the quartiles (1–4) 
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5. Statistical analysis 

The least-squares means (LS-means) and 95% CIs of the HRQoL were calculated 

according to the quintiles of adherence scores, physical activity levels, or diet scores 

and the quartiles of BMI scores using the generalized linear models (GLMs). The 

models were adjusted for age (years, continuous), energy intake (kcal/day, 

continuous), menopausal status at diagnosis (premenopausal or postmenopausal), 

stage (I, II, or III), time since surgery (1 to <2 years, 2 to <5 years, or ≥5 years), 

education level (elementary school or below, middle school, high school, or college 

or above), dietary supplement use (yes or no), alcohol intake (current, past, or never), 

smoking status (never or ever), and center. Subgroup analyses were also conducted 

to examine the associations by breast cancer stage at diagnosis (I and II–III) and by 

menopausal status at diagnosis (premenopausal and postmenopausal). As only 64 

(10.35%) breast cancer survivors who were diagnosed with stage III cancer, the 

participants with stage II and stage III breast cancer were combined for the subgroup 

analysis. Missing data (<1%) on education levels, dietary supplement use, and 

alcohol intake were assigned to the most frequent category. Missing data on smoking 

status (4%) were assigned to the never-smoking category. The statistical significance 

of interaction terms was estimated using the Wald test of the cross-product terms of 

the adherence scores (or each component of the ACS guidelines) and interaction 

variables. All statistical tests were two-sided, and p-values less than 0.05 were 

regarded as statistically significant. Multiple comparisons were additionally adjusted 
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using a false discovery rate (FDR) and considered statistically significant for p-

values<0.1. SAS version 9.4 (SAS Institute, Cary, NC, USA) was used for all 

analyses. 
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IV. Results 

1. General characteristics of study participants 

Table 2 shows the characteristics of study participants by adherence scores. The 

mean (SD) values for the age, BMI, and physical activity of the participants was 

52.37 (8.29) years, 23.33 (2.97) kg/m2, and 33.02 (33.96) MET-hours/week, 

respectively. Over 60% of breast cancer survivors were premenopausal at diagnosis 

(65.86%), married or cohabiting (79.77%), and dietary supplement users (63.89%). 

Most participants never smoked (91.58%) and did not drink alcohol at enrollment 

(77.23%). Approximately half of the breast cancer survivors had been diagnosed 

with stage I cancer (49.68%), and over 70% were enrolled less than 5 years after 

breast cancer surgery.
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Table 2. Characteristics of study participants according to adherence scores 

  Quintiles of the Adherence Scores 

 All Q1 Q2 Q3 Q4 Q5 

n (Adherence scores, range) 618 151 (3–6) 102 (7) 111 (8) 102 (9) 152 (10–12) 

Mean ± SD 

Age (years) 52.37 ± 8.29 50.88 ± 8.28 52.89 ± 8.70 52.33 ± 9.13 53.01 ± 8.49 53.11 ± 7.09 

BMI (kg/m2) 23.33 ± 2.97 24.88 ± 3.83 23.56 ± 2.61 23.41 ± 2.64 22.60 ± 2.24 22.07 ± 2.01 

Physical activity (MET-

hours/week) 
33.02 ± 33.96 11.93 ± 11.05 21.61 ± 33.70 26.09 ± 18.97 43.00 ± 34.84 60.01 ± 37.28 

Energy intake (kcal/day) 1750.11 ± 574.97 1595.37 ± 466.89 1715.65 ± 573.44 1773.18 ± 536.03 1771.97 ± 669.02 1895.45 ± 599.11 

n (%) 

Menopausal status at diagnosis       

Premenopausal 407 (65.86) 101 (66.89) 64 (62.75) 77 (69.37) 63 (61.76) 102 (67.11) 

Postmenopausal 211 (34.14) 50 (33.11) 38 (37.25) 34 (30.63) 39 (38.24) 50 (32.89) 

Education level       

Elementary school or below 69 (11.20) 20 (13.33) 13 (12.75) 12 (10.90) 10 (9.80) 14 (9.21) 

Middle school 65 (10.55) 17 (11.33) 10 (9.80) 13 (11.82) 12 (11.76) 13 (8.55) 

High school 268 (43.51) 71 (47.33) 40 (39.21) 47 (42.73) 41 (40.20) 69 (45.40) 

College or above 214 (34.74) 42 (28.01) 39 (38.24) 38 (34.55) 39 (38.24) 56 (36.84) 

Marital status       

Married or cohabiting 489 (79.77) 120 (80.00) 77 (76.24) 87 (79.09) 86 (85.15) 119 (78.81) 

Unmarried, divorced or 

widowed 
124 (20.23) 30 (20.00) 24 (23.76) 23 (20.91) 15 (14.85) 32 (21.19) 

Dietary supplement use       

Yes 391 (63.89) 87 (58.39) 58 (56.86) 61 (55.45) 71 (70.30) 114 (76.00) 

No 221 (36.11) 62 (41.61) 44 (43.14) 49 (44.55) 30 (29.70) 36 (24.00) 

      (Continued) 
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Table 2. Characteristics of study participants according to adherence scores (continued) 

  Quintiles of the Adherence Scores 

 All Q1 Q2 Q3 Q4 Q5 
n (Adherence scores, range) 618 151 (3–6) 102 (7) 111 (8) 102 (9) 152 (10–12) 

n (%) 

Smoking status       

Never 544 (91.58) 124 (87.32) 90 (90.91) 96 (90.57) 96 (96.00) 138 (93.88) 

Ever 50 (8.42) 18 (12.68) 9 (9.09) 10 (9.43) 4 (4.00) 9 (6.12) 

Alcohol status       

Never 240 (39.02) 52 (34.67) 40 (39.60) 35 (31.53) 50 (49.02) 63 (41.72) 

Past 235 (38.21) 61 (40.67) 34 (33.67) 43 (38.74) 36 (35.29) 61 (40.40) 

Current 140 (22.77) 37 (24.66) 27 (26.73) 33 (29.73) 16 (15.69) 27 (17.88) 

AJCC stage at diagnosis       

I 307 (49.68) 71 (47.02) 52 (50.98) 50 (45.05) 53 (51.96) 81 (53.29) 

II 247 (39.97) 66 (43.71) 41 (40.20) 47 (42.34) 39 (38.24) 54 (35.53) 

III 64 (10.35) 14 (9.27) 9 (8.82) 14 (12.61) 10 (9.80) 17 (11.18) 

Time since surgery       

1–<2 years 215 (34.79) 54 (35.76) 33 (32.36) 43 (38.74) 37 (36.27) 48 (31.58) 

2–<5 years 240 (38.83) 57 (37.75) 35 (34.31) 42 (37.84) 39 (38.24) 67 (44.08) 

≥5 years 163 (26.38) 40 (26.49) 34 (33.33) 26 (23.42) 26 (25.49) 37 (24.34) 

ER status       

Negative 151 (24.43) 36 (23.84) 25 (24.51) 27 (24.32) 28 (27.45) 35 (23.03) 

Positive 467 (75.57) 115 (76.16) 77 (75.49) 84 (75.68) 74 (72.55) 117 (76.97) 

PR status       

Negative 216 (34.95) 48 (31.79) 37 (36.27) 46 (41.44) 35 (34.31) 50 (32.89) 

Positive 402 (65.05) 103 (68.21) 65 (63.73) 65 (58.56) 67 (65.69) 102 (67.11) 

Abbreviations: BMI, body mass index; MET, metabolic equivalent task; AJCC, American Joint Committee on Cancer; ER, estrogen receptor; PR, 

progesterone receptor
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2. Association between adherence scores and health-related 

quality of life among breast cancer survivors 

We observed that higher adherence scores were associated with higher levels of 

physical component summary, physical functioning, and vitality scores, and 

improved bodily pain scores in all breast cancer survivors in this study (Table 3); 

LS-means (95% CIs) of the lowest and the highest quintiles of adherence scores: for 

physical component summary, 46.29 (44.76–47.83) and 48.99 (47.34–50.63; p for 

trend<0.001), respectively; for the physical functioning, 44.08 (42.47–45.69) and 

47.30 (45.58–49.03; p for trend<0.001), respectively; for bodily pain, 47.27 (45.25–

49.29) and 49.91 (47.74–52.08; p for trend=0.01), respectively; for vitality, 45.37 

(43.05–47.68) and 48.56 (46.07–51.04; p for trend=0.02), respectively. These 

associations remained statistically significant after adjusting for multiple 

comparisons with the FDR method. 

When stratified by breast cancer stage at diagnosis, the significant associations 

between adherence scores and the HRQoL were limited to breast cancer survivors 

with stage II–III cancer. Among participants with stage I cancer, no significant 

associations between adherence to the ACS guidelines and the HRQoL were found 

(Table 4). Among participants with stage II–III cancer (Table 5), high adherence to 

the ACS guidelines was associated with higher scores for the physical component 

summary (p for trend<0.001), physical functioning (p for trend<0.001), role-physical 

(p for trend=0.03), vitality (p for trend=0.01), and improved bodily pain (p for 
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trend<0.001), and these associations remained statistically significant after adjusting 

for multiple comparisons. The results revealed a significant interaction by breast 

cancer stage (stage I and II–III) for the physical component summary (p for 

interaction=0.001), role-physical (p for interaction=0.005), bodily pain (p for 

interaction=0.001), and social functioning (p for interaction=0.03) domains; the 

associations were limited to breast cancer survivors with stage II–III cancer. 

Subgroup analyses were conducted to examine the associations between 

adherence scores with the HRQoL by menopausal status at diagnosis 

(premenopausal and postmenopausal), as shown in Table 6 and Table 7. The 

significant associations were limited to premenopausal women; higher adherence 

scores were associated with higher scores for the physical component summary (p 

for trend=0.001), physical functioning (p for trend<0.001), vitality (p for trend=0.01), 

and improved bodily pain (p for trend=0.04), and these associations were all 

significant after applying an FDR<0.1 (Table 6). There were no statistically 

significant associations between adherence scores and the HRQoL among 

postmenopausal women (Table 7).
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Table 3. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of adherence scores among breast cancer survivors with stage I to III (n=618) 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), menopausal status at diagnosis (premenopausal or 

postmenopausal status), stage (I, II, or III), time since surgery (1 to <2 years, 2 to <5 years, or ≥5 years), education level (elementary school or below, 

middle school, high school, or college or above), dietary supplement use (yes or no), alcohol intake (current, past, or never), smoking status (never or ever), 

and center. 
2 p for trend was calculated using the median value of each quintile category as a continuous variable. 
3 p for trend remained significant at α=0.1 after adjusting for multiple comparisons with false discovery rate method.  

 LS-means (95% CI) of HRQoL scores according to adherence scores 

p for trend2  Q1 Q2 Q3 Q4 Q5 

n (Adherence scores, range) 151 (3–6) 102 (7) 111 (8) 102 (9) 152 (10–12) 

Physical component summary 46.29 (44.76–47.83) 46.70 (44.98–48.41) 48.29 (46.61–49.98) 48.41 (46.62–50.20) 48.99 (47.34–50.63) <0.0013 

Physical health sub-scales       

Physical functioning 44.08 (42.47–45.69) 45.06 (43.27–46.86) 45.83 (44.06–47.59) 47.20 (45.33–49.08) 47.30 (45.58–49.03) <0.0013 

Role-physical 45.20 (43.25–47.15) 45.86 (43.69–48.03) 47.76 (45.62–49.89) 45.90 (43.63–48.17) 46.87 (44.78–48.96) 0.13 

Bodily pain 47.27 (45.25–49.29) 48.36 (46.11–50.62) 49.72 (47.50–51.93) 50.02 (47.67–52.37) 49.91 (47.74–52.08) 0.013 

General health 44.85 (42.88–46.82) 44.84 (42.64–47.04) 46.08 (43.92–48.25) 45.39 (43.10–47.68) 46.35 (44.24–48.47) 0.14 

Mental component summary 44.54 (42.39–46.68) 46.15 (43.75–48.54) 46.29 (43.93–48.64) 45.32 (42.82–47.82) 45.62 (43.32–47.93) 0.51 

Mental health sub-scales       

Vitality 45.37 (43.05–47.68) 47.31 (44.72–49.89) 48.19 (45.65–50.73) 47.67 (44.98–50.37) 48.56 (46.07–51.04) 0.023 

Social functioning 48.07 (46.29–49.84) 48.52 (46.54–50.50) 49.14 (47.19–51.10) 48.64 (46.57–50.71) 49.25 (47.34–51.16) 0.24 

Role-emotional 43.44 (41.20–45.68) 45.49 (42.99–48.00) 44.85 (42.39–47.31) 44.54 (41.93–47.15) 44.46 (42.05–46.86) 0.60 

Mental health 43.19 (40.96–45.43) 44.33 (41.85–46.82) 45.58 (43.13–48.03) 44.61 (42.01–47.21) 44.85 (42.45–47.24) 0.18 



41 

Table 4. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of adherence scores among breast cancer survivors with stage I cancer (n=308) 
 LS-means (95% CI) of HRQoL scores among breast cancer survivors with stage I 

p for trend2  Q1 Q2 Q3 Q4 Q5 

n (Adherence scores, range) 71 (3–6) 52 (7) 50 (8) 53 (9) 81 (10–12) 

Physical component summary3 48.06(45.99–50.13) 49.09(46.81–51.38) 49.38(47.03–51.73) 49.46(47.12–51.81) 48.61(46.53–50.69) 0.60 

Physical health sub-scales       

Physical functioning 45.74 (43.56–47.92) 48.53 (46.11–50.94) 47.88 (45.40–50.35) 47.91 (45.44–50.38) 48.21 (46.02–50.41) 0.08 

Role-physical3 48.66 (46.11–51.21) 48.59 (45.76–51.42) 49.60 (46.70–52.51) 48.67 (45.78–51.57) 47.79 (45.22–50.36) 0.56 

Bodily pain3 48.41 (45.46–51.37) 49.41 (46.14–52.69) 49.72 (46.36–53.08) 49.93 (46.58–53.28) 48.22 (45.24–51.19) 0.96 

General health 44.28 (41.64–46.92) 44.82 (41.90–47.74) 45.21 (42.21–48.20) 44.42 (41.43–47.41) 44.91 (42.25–47.56) 0.75 

Mental component summary 44.87 (42.08–47.67) 45.95 (42.85–49.05) 46.08 (42.90–49.26) 44.24 (41.07–47.41) 45.43 (42.61–48.25) >0.99 

Mental health sub-scales       

Vitality 45.12 (41.85–48.38) 46.42 (42.80–50.04) 46.88 (43.17–50.60) 45.75 (42.05–49.46) 46.65 (43.36–49.94) 0.49 

Social functioning3 49.96 (47.63–52.30) 50.48 (47.89–53.06) 50.72 (48.07–53.37) 48.92 (46.27–51.56) 49.67 (47.32–52.02) 0.55 

Role-emotional 45.36 (42.40–48.31) 47.65 (44.37–50.93) 45.97 (42.61–49.34) 45.58 (42.23–48.94) 44.85 (41.87–47.83) 0.46 

Mental health 43.12 (40.04–46.21) 43.89 (40.47–47.31) 45.33 (41.83–48.84) 43.23 (39.74–46.73) 45.08 (41.97–48.19) 0.33 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), menopausal status at diagnosis (premenopausal or 

postmenopausal status), time since surgery (1 to <2 years, 2 to <5 years, or ≥5 years), education level (elementary school or below, middle school, high 

school, or college or above), dietary supplement use (yes or no), alcohol intake (current, past, or never), smoking status (never or ever), and center. 
2 p for trend was calculated using the median value of each quintile category as a continuous variable. 
3 p for interaction was statistically significant (<0.05). 
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Table 5. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of adherence scores among breast cancer survivors with stage II–III cancer (n=310) 
 LS-means (95% CI) of HRQoL scores among breast cancer survivors with stage II–III 

p for trend2  Q1 Q2 Q3 Q4 Q5 

n (Adherence scores, range) 80 (3–6) 50 (7) 61 (8) 49 (9) 71 (10–12) 

Physical component summary3 45.70 (43.46–47.94) 45.30 (42.80–47.80) 48.59 (46.16–51.02) 48.49 (45.82–51.15) 50.68 (48.11–53.25) <0.0014 

Physical health sub-scales       

Physical functioning 44.19 (41.88–46.51) 43.12 (40.53–45.72) 45.65 (43.14–48.17) 48.23 (45.47–50.99) 48.16 (45.50–50.82) <0.0014 

Role-physical3 43.04 (40.11–45.96) 44.03 (40.75–47.31) 47.21 (44.02–50.39) 44.03 (40.54–47.52) 46.75 (43.39–50.12) 0.034 

Bodily pain3 47.20 (44.48–49.91) 48.19 (45.15–51.22) 51.05 (48.09–54.00) 51.41 (48.18–54.65) 53.07 (49.95–56.19) <0.0014 

General health 45.53 (42.58–48.48) 44.66 (41.36–47.96) 47.31 (44.10–50.52) 46.50 (42.98–50.02) 47.41 (44.02–50.80) 0.17 

Mental component summary 44.73 (41.43–48.03) 46.32 (42.63–50.02) 46.91 (43.32–50.49) 46.79 (42.85–50.72) 45.40 (41.61–49.19) 0.56 

Mental health sub-scales       

Vitality 45.97 (42.65–49.29) 48.14 (44.42–51.86) 49.81 (46.20–53.42) 49.65 (45.69–53.61) 50.50 (46.68–54.31) 0.014 

Social functioning3 46.96 (44.29–49.64) 47.04 (44.05–50.04) 48.41 (45.50–51.31) 49.05 (45.86–52.23) 49.01 (45.94–52.08) 0.09 

Role-emotional 42.93 (39.51–46.35) 44.27 (40.44–48.10) 45.24 (41.53–48.96) 44.82 (40.74–48.90) 44.95 (41.02–48.87) 0.24 

Mental health 43.88 (40.62–47.15) 44.78 (41.13–48.44) 46.21 (42.66–49.76) 46.53 (42.64–50.42) 44.19 (40.44–47.94) 0.51 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), menopausal status at diagnosis (premenopausal or 

postmenopausal status), stage (I or II), time since surgery (1 to <2 years, 2 to <5 years, or ≥5 years), education level (elementary school or below, middle 

school, high school, or college or above), dietary supplement use (yes or no), alcohol intake (current, past, or never), smoking status (never or ever), and 

center. 
2 p for trend was calculated using the median value of each quintile category as a continuous variable. 
3 p for interaction was statistically significant (<0.05). 
4 p for trend remained significant at α=0.1 after adjusting for multiple comparisons with false discovery rate method.
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Table 6. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of adherence scores among breast cancer survivors with premenopausal status at diagnosis (n=407) 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), stage (I, II, or III), time since surgery (1 to <2 years, 2 to <5 

years, or ≥5 years), education level (elementary school or below, middle school, high school, or college or above), dietary supplement use (yes or no), 

alcohol intake (current, past, or never), smoking status (never or ever), and center. 
2 p for trend was calculated using the median value of each quintile category as a continuous variable. 
3 p for trend remained significant at α=0.1 after adjusting for multiple comparisons with FDR method.

 LS-means (95% CI) of HRQoL scores among breast cancer survivors with premenopausal status 

p for trend2  Q1 Q2 Q3 Q4 Q5 

n (Adherence scores, range) 101 (3–6) 64 (7) 77 (8) 63 (9) 102 (10–12) 

Physical component summary  46.29 (44.47–48.11) 47.98 (45.92–50.04) 49.23 (47.21–51.24) 48.67 (46.51–50.82) 49.57 (47.59–51.55) 0.0013 

Physical health sub-scales       

Physical functioning  44.51 (42.61–46.41) 46.18 (44.03–48.32) 47.11 (45.01–49.21) 48.73 (46.48–50.98) 48.47 (46.41–50.53) <0.0013 

Role-physical  44.39 (42.04–46.73) 45.79 (43.14–48.44) 47.41 (44.82–50.00) 45.36 (42.58–48.14) 46.33 (43.79–48.88) 0.17 

Bodily pain  47.22 (44.83–49.61) 49.86 (47.16–52.56) 50.02 (47.38–52.66) 49.42 (46.59–52.26) 50.28 (47.69–52.87) 0.043 

General health  46.34 (44.03–48.65) 47.37 (44.77–49.98) 49.29 (46.75–51.84) 46.42 (43.69–49.15) 47.71 (45.21–50.21) 0.39 

Mental component summary  45.04 (42.41–47.68) 46.64 (43.65–49.62) 46.98 (44.06–49.89) 45.66 (42.54–48.78) 45.84 (42.98–48.70) 0.73 

Mental health sub-scales       

Vitality  44.57 (41.78–47.37) 47.84 (44.68–50.99) 47.97 (44.88–51.06) 47.26 (43.95–50.57) 49.08 (46.05–52.11) 0.013 

Social functioning  48.87 (46.74–51.00) 49.15 (46.74–51.56) 50.07 (47.71–52.43) 49.10 (46.58–51.63) 48.99 (46.68–51.30) 0.91 

Role-emotional  42.95 (40.23–45.66) 45.63 (42.56–48.70) 45.07 (42.06–48.07) 43.97 (40.76–47.19) 43.88 (40.93–46.82) 0.78 

Mental health  44.66 (42.02–47.30) 45.50 (42.52–48.48) 47.09 (44.18–50.01) 46.26 (43.14–49.39) 46.24 (43.38–49.11) 0.22 
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Table 7. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of adherence scores among breast cancer survivors with postmenopausal status at diagnosis (n=211) 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), stage (I, II, or III), time since surgery (1 to <2 years, 2 to <5 

years, or ≥5 years), education level (elementary school or below, middle school, high school, or college or above), dietary supplement use (yes or no), 

alcohol intake (current, past, or never), smoking status (never or ever), and center. 
2 p for trend was calculated using the median value of each quintile category as a continuous variable. 
3 p for trend remained significant at α=0.1 after adjusting for multiple comparisons with FDR method

 LS-means (95% CI) of HRQoL scores among breast cancer survivors with postmenopausal status  
p for trend2 

n (Adherence scores, range) 50 (3–6) 38 (7) 34 (8) 39 (9) 50 (10–12) 

Physical component summary  46.45 (43.26–49.65) 44.16 (40.62–47.69) 46.03 (42.65–49.41) 47.86 (44.34–51.38) 47.80 (44.61–50.99) 0.12 

Physical health sub-scales       

Physical functioning  43.39 (40.00–46.79) 42.52 (38.76–46.28) 43.01 (39.42–46.61) 44.76 (41.02–48.50) 45.73 (42.33–49.12) 0.09 

Role-physical  47.33 (43.39–51.28) 46.04 (41.68–50.41) 47.89 (43.72–52.07) 47.68 (43.33–52.02) 47.85 (43.90–51.79) 0.60 

Bodily pain  46.74 (42.54–50.94) 44.44 (39.79–49.09) 47.97 (43.53–52.41) 49.99 (45.37–54.62) 48.29 (44.10–52.49) 0.12 

General health  42.97 (38.84–47.09) 41.32 (36.75–45.88) 40.24 (35.88–44.60) 43.55 (39.01–48.09) 44.75 (40.63–48.87) 0.26 

Mental component summary  43.21 (38.90–47.52) 44.49 (39.73–49.26) 44.13 (39.57–48.68) 44.47 (39.72–49.21) 45.21 (40.91–49.51) 0.40 

Mental health sub-scales       

Vitality  45.04 (40.33–49.75) 44.57 (39.35–49.78) 46.81 (41.82–51.79) 46.85 (41.66–52.04) 45.70 (41.00–50.41) 0.55 

Social functioning  46.18 (42.52–49.85) 46.53 (42.47–50.58) 46.57 (42.70–50.45) 47.59 (43.55–51.62) 49.77 (46.11–53.43) 0.05 

Role-emotional  44.55 (40.02–49.07) 44.81 (39.80–49.81) 43.29 (38.50–48.08) 45.82 (40.84–50.80) 46.00 (41.48–50.52) 0.47 

Mental health  40.73 (35.96–45.50) 41.92 (36.64–47.20) 42.79 (37.74–47.83) 41.93 (36.67–47.18) 42.85 (38.08–47.61) 0.41 



45 

3. Association between each component of the ACS guidelines 

and health-related quality of life among breast cancer 

survivors 

3.1. Physical activity and health-related quality of life 

We further examined whether physical activity alone was associated with the 

HRQoL scores, and the association varied by cancer stage at diagnosis. Breast cancer 

survivors with higher physical activity levels were more likely to have higher 

HRQoL scores (Table 8); LS-means (95% CIs) of the lowest and the highest quintiles 

of physical activity levels: for the physical component summary, 46.93 (45.35–48.51) 

and 49.35 (47.64–51.06; p for trend=0.001), respectively; for physical functioning, 

44.93 (43.27–46.60) and 47.47 (45.67–49.26; p for trend =0.003), respectively; for 

bodily pain, 48.09 (46.02–50.17) and 50.37 (48.12–52.61); p for trend=0.02), 

respectively; for general health, 45.62 (43.63–47.62) and 48.03 (45.87–50.18; p for 

trend=0.001), respectively; for vitality, 46.52 (44.16–48.88) and 50.03 (47.47–52.58; 

p for trend<0.001), respectively. These associations were all significant after 

applying an FDR<0.1.  

In subgroup analyses by breast cancer stage at diagnosis (stage I and II–III), 

increased level of vitality (p for trend=0.003) was associated with higher physical 

activity levels among breast cancer survivors diagnosed with stage I cancer with 

significance at FDR<0.1 (Table 9). Among those with stage II–III, the physical 
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component summary (p for trend=0.01), physical functioning (p for trend=0.04), 

bodily pain (p for trend=0.03), and general health (p for trend=0.01) were associated 

with increased physical activity levels after adjustment for multiple comparisons 

(Table 10). 

When we examined whether the association between physical activity levels and 

the HRQoL was modified by menopausal status at diagnosis, we found that higher 

physical activity levels were associated with higher scores for the physical 

component summary (p for trend=0.01) and the physical functioning (p for 

trend=0.01), general health (p for trend=0.03) and vitality (p for trend=0.01) domains 

among premenopausal survivors (Table 11) and general health (p for trend=0.005) 

among postmenopausal survivors (Table 12) after adjustment for multiple 

comparisons using the FDR method. 

 



47 

Table 8. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of physical activity levels among breast cancer survivors with stage I to III (n=618) 

 LS-means (95% CI) of HRQoL scores according to physical activity levels 

p for trend3  Q1 Q2 Q3 Q4 Q5 
n (Physical activity, median) 2 125 (4.00) 121 (13.60) 125 (24.50) 124 (39.72) 123 (73.00) 

Physical component summary 46.93 (45.35–48.51) 46.89 (45.24–48.55) 47.14 (45.48–48.81) 48.02 (46.32–49.71) 49.35 (47.64–51.06) 0.0014 

Physical health sub-scales       

Physical functioning 44.93 (43.27–46.60) 44.88 (43.13–46.63) 45.69 (43.94–47.44) 45.70 (43.92–47.48) 47.47 (45.67–49.26) 0.0034 

Role-physical 46.61 (44.61–48.62) 45.92 (43.82–48.02) 45.52 (43.41–47.63) 45.70 (43.56–47.85) 47.33 (45.16–49.50) 0.34 

Bodily pain 48.09 (46.02–50.17) 48.62 (46.44–50.80) 47.67 (45.49–49.86) 50.04 (47.82–52.26) 50.37 (48.12–52.61) 0.024 

General health 45.62 (43.63–47.62) 43.69 (41.60–45.79) 44.09 (41.99–46.19) 46.35 (44.22–48.49) 48.03 (45.87–50.18) 0.0014 

Mental component summary 46.23 (44.03–48.42) 44.32 (42.02–46.63) 44.04 (41.73–46.35) 45.92 (43.57–48.27) 47.02 (44.65–49.39) 0.10 

Mental health sub-scales       

Vitality 46.52 (44.16–48.88) 45.39 (42.90–47.87) 46.71 (44.22–49.20) 48.33 (45.80–50.86) 50.03 (47.47–52.58) <0.0014 

Social functioning 49.25 (47.44–51.06) 47.52 (45.62–49.42) 47.28 (45.37–49.18) 49.45 (47.51–51.39) 49.92 (47.96–51.87) 0.06 

Role-emotional 44.84 (42.54–47.14) 44.44 (42.03–46.86) 43.31 (40.89–45.73) 43.85 (41.39–46.32) 45.77 (43.28–48.26) 0.34 

Mental health 45.17 (42.89–47.45) 42.95 (40.55–45.34) 42.98 (40.58–45.39) 44.98 (42.53–47.42) 45.82 (43.35–48.29) 0.11 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), menopausal status at diagnosis (premenopausal or 

postmenopausal status), stage (I, II, or III), time since surgery (1 to <2 years, 2 to <5 years, and ≥5 years), education level (elementary school or below, 

middle school, high school, or college or above), dietary supplement use (yes or no), alcohol intake (current, past, or never), smoking status (never or ever), 

and center. 
2 Physical activity levels (MET-hours/week). 
3 p for trend was calculated using the median value of each quintile category as a continuous variable. 
4 p for trend remained significant at α=0.1 after adjusting for multiple comparisons with false discovery rate method.
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Table 9. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of physical activity levels among breast cancer survivors with stage I cancer (n=307) 

 LS-means (95% CI) of HRQoL scores among breast cancer survivors with stage I 

p for trend3  Q1 Q2 Q3 Q4 Q5 
n (Physical activity, median)2 51 (3.68) 60 (13.70) 72 (24.45) 62 (40.63) 62 (70.10) 

Physical component summary 48.73 (46.43–51.03) 47.94 (45.79–50.10) 48.62 (46.48–50.76) 47.92 (45.69–50.15) 50.60 (48.43–52.76) 0.07 

Physical health sub-scales       

Physical functioning 46.30 (43.85–48.75) 46.90 (44.61–49.19) 47.98 (45.70–50.27) 46.96 (44.58–49.33) 49.14 (46.83–51.45) 0.04 

Role-physical 50.76 (47.96–53.56) 48.15 (45.53–50.77) 47.45 (44.84–50.06) 45.92 (43.20–48.64) 50.20 (47.56–52.85) 0.98 

Bodily pain 49.42 (46.13–52.71) 48.48 (45.40–51.55) 47.11 (44.05–50.18) 48.46 (45.27–51.65) 51.13 (48.03–54.23) 0.14 

General health 45.38 (42.47–48.28) 42.78 (40.06–45.50) 43.74 (41.04–46.45) 44.25 (41.43–47.06) 47.42 (44.69–50.16) 0.02 

Mental component summary  47.28 (44.21–50.34) 44.05 (41.18–46.92) 42.64 (39.78–45.49) 44.69 (41.72–47.67) 47.78 (44.89–50.67) 0.14 

Mental health sub-scales       

Vitality 45.90 (42.30–49.49) 43.61 (40.25–46.97) 44.94 (41.59–48.29) 46.41 (42.92–49.90) 49.80 (46.41–53.19) 0.0034 

Social functioning 52.62 (50.08–55.15) 48.53 (46.16–50.91) 47.36 (44.99–49.72) 50.19 (47.73–52.65) 51.37 (48.98–53.76) 0.42 

Role-emotional 47.51 (44.25–50.78) 46.29 (43.23–49.34) 43.66 (40.62–46.71) 43.11 (39.95–46.28) 47.54 (44.46–50.62) 0.87 

Mental health 45.33 (41.92–48.75) 42.50 (39.31–45.70) 42.04 (38.86–45.22) 43.89 (40.58–47.20) 46.75 (43.53–49.97) 0.08 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), menopausal status at diagnosis (premenopausal or 

postmenopausal status status), time since surgery (1 to <2 years, 2 to <5 years, or ≥5 years), education level (elementary school or below, middle school, 

high school, or college or above), dietary supplement use (yes or no), alcohol intake (current, past, or never), smoking status (never or ever), and center. 
2 Physical activity levels (MET-hours/week; continuous). 
3 p for trend was calculated using the median value of each quintile category as a continuous variable. 
4 p for trend remained significant at α=0.1 after adjusting for multiple comparisons with false discovery rate method.
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Table 10. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of physical activity levels among breast cancer survivors with stage II–III cancer (n=310) 

 LS-means (95% CI) of HRQoL scores among breast cancer survivors with stage II–III 

p for trend3  Q1 Q2 Q3 Q4 Q5 

n (Physical activity, median)2 74 (4.00) 61 (13.60) 53 (24.50) 62 (38.50) 61 (74.47) 

Physical component summary 46.17 (43.95–48.39) 46.81 (44.24–49.38) 46.82 (44.26–49.39) 49.19 (46.61–51.78) 49.13 (46.45–51.80) 0.014 

Physical health sub-scales       

Physical functioning 44.71 (42.40–47.02) 44.64 (41.97–47.32) 45.16 (42.49–47.83) 46.11 (43.41–48.80) 47.11 (44.33–49.89) 0.044 

Role-physical 44.08 (41.20–46.96) 44.88 (41.53–48.22) 44.69 (41.35–48.02) 45.89 (42.53–49.25) 45.02 (41.54–48.49) 0.56 

Bodily pain 47.86 (45.19–50.53) 49.35 (46.26–52.44) 49.45 (46.36–52.54) 52.72 (49.61–55.83) 50.80 (47.58–54.01) 0.034 

General health 45.83 (43.00–48.65) 44.69 (41.41–47.96) 44.38 (41.12–47.65) 48.72 (45.42–52.01) 48.55 (45.15–51.95) 0.014 

Mental component summary  45.70 (42.49–48.91) 45.21 (41.50–48.93) 45.88 (42.17–49.59) 46.94 (43.20–50.68) 46.05 (42.19–49.92) 0.67 

Mental health sub-scales       

Vitality 47.21 (43.96–50.45) 47.52 (43.76–51.27) 48.66 (44.91–52.42) 49.93 (46.15–53.71) 50.13 (46.23–54.04) 0.08 

Social functioning 47.11 (44.51–49.71) 47.37 (44.36–50.38) 48.14 (45.14–51.15) 48.79 (45.76–51.82) 48.86 (45.73–51.99) 0.19 

Role-emotional 43.63 (40.30–46.95) 43.85 (40.00–47.70) 44.31 (40.47–48.16) 45.44 (41.57–49.31) 44.77 (40.77–48.77) 0.47 

Mental health 45.24 (42.06–48.42) 44.17 (40.48–47.85) 44.34 (40.66–48.01) 46.10 (42.39–49.80) 44.60 (40.77–48.43) 0.99 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), menopausal status at diagnosis (premenopausal or 

postmenopausal status status), stage (II or III), time since surgery (1 to <2 years, 2 to <5 years, or ≥5 years), education level (elementary school or below, 

middle school, high school, or college or above), dietary supplement use (yes or no), alcohol intake (current, past, or never), smoking status (never or ever), 

and center. 
2 Physical activity levels (MET-hours/week; continuous). 
3 p for trend was calculated using the median value of each quintile category as a continuous variable. 
4 p for trend remained significant at α=0.1 after adjusting for multiple comparisons with false discovery rate method.
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Table 11. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of physical activity levels among breast cancer survivors with premenopausal status at diagnosis (n=407) 

 LS-means (95% CI) of HRQoL scores among breast cancer survivors with premenopausal status 

p for trend3  Q1 Q2 Q3 Q4 Q5 
n (Physical activity, median)2 83 (3.68) 83 (14.00) 74 (23.78) 85 (39.69) 82 (69.09) 

Physical component summary 46.94 (45.07–48.80) 47.74 (45.77–49.70) 48.13 (46.04–50.23) 48.85 (46.79–50.92) 49.59 (47.57–51.62) 0.014 

Physical health sub-scales       

Physical functioning 45.27 (43.31–47.22) 46.52 (44.45–48.58) 46.53 (44.34–48.73) 46.96 (44.80–49.13) 48.50 (46.38–50.62) 0.014 

Role-physical 45.99 (43.59–48.39) 45.61 (43.08–48.14) 44.93 (42.24–47.62) 45.66 (43.01–48.31) 45.80 (43.20–48.40) 0.98 

Bodily pain 47.93 (45.49–50.37) 49.09 (46.52–51.66) 48.86 (46.12–51.59) 49.94 (47.24–52.63) 50.56 (47.91–53.20) 0.06 

General health 46.77 (44.43–49.12) 46.57 (44.10–49.04) 46.57 (43.94–49.20) 48.42 (45.83–51.02) 48.94 (46.40–51.48) 0.034 

Mental component summary 46.37 (43.69–49.05) 45.76 (42.94–48.58) 44.20 (41.19–47.20) 46.13 (43.17–49.09) 46.59 (43.69–49.49) 0.62 

Mental health sub-scales       

Vitality 45.51 (42.67–48.36) 46.19 (43.19–49.19) 46.88 (43.69–50.07) 48.46 (45.31–51.61) 49.39 (46.30–52.47) 0.014 

Social functioning 49.73 (47.58–51.89) 48.62 (46.35–50.89) 47.45 (45.04–49.87) 49.88 (47.50–52.26) 49.83 (47.50–52.17) 0.42 

Role-emotional 44.45 (41.69–47.22) 44.85 (41.93–47.76) 42.62 (39.52–45.72) 43.68 (40.62–46.74) 44.41 (41.42–47.41) 0.91 

Mental health 46.03 (43.35–48.71) 45.43 (42.60–48.26) 44.31 (41.30–47.31) 45.89 (42.92–48.86) 46.66 (43.76–49.57) 0.45 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), stage (I, II, or III), time since surgery (1 to <2 years, 2 to <5 

years, or ≥5 years), education level (elementary school or below, middle school, high school, or college or above), dietary supplement use (yes or no), 

alcohol intake (current, past, or never), smoking status (never or ever), and center. 
2 Physical activity levels (MET-hours/week; continuous). 
3 p for trend was calculated using the median value of each quintile category as a continuous variable. 
4 p for trend remained significant at α=0.1 after adjusting for multiple comparisons with FDR method.
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Table 12. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of physical activity levels among breast cancer survivors with postmenopausal status at diagnosis (n=211) 

 LS-means (95% CI) of HRQoL scores among breast cancer survivors with postmenopausal status 

p for trend3  Q1 Q2 Q3 Q4 Q5 
n (Physical activity, median)2 42 (4.96) 38 (12.76) 51 (24.50) 39 (40.75) 41 (74.47) 

Physical component summary 47.51 (44.31–50.70) 45.55 (42.15–48.95) 45.36 (42.15–48.57) 46.25 (42.83–49.68) 49.21 (45.75–52.67) 0.07 

Physical health sub-scales       

Physical functioning 44.52 (41.12–47.93) 42.21 (38.58–45.84) 44.04 (40.62–47.46) 43.62 (39.97–47.27) 45.99 (42.30–49.67) 0.15 

Role-physical 48.36 (44.46–52.26) 47.40 (43.24–51.55) 46.54 (42.62–50.45) 45.65 (41.46–49.83) 50.54 (46.31–54.76) 0.18 

Bodily pain 48.25 (44.05–52.44) 47.42 (42.95–51.89) 44.41 (40.19–48.62) 49.39 (44.89–53.89) 49.54 (45.00–54.08) 0.18 

General health 44.71 (40.74–48.68) 38.47 (34.24–42.71) 40.57 (36.58–44.56) 43.61 (39.35–47.87) 47.03 (42.72–51.33) 0.0054 

Mental component summary 45.32 (41.08–49.55) 41.48 (36.97–45.99) 42.74 (38.49–46.99) 45.55 (41.01–50.09) 47.24 (42.65–51.82) 0.05 

Mental health sub-scales       

Vitality 47.11 (42.49–51.74) 42.55 (37.62–47.48) 44.57 (39.93–49.22) 46.26 (41.30–51.23) 49.66 (44.65–54.67) 0.03 

Social functioning 48.20 (44.54–51.86) 45.42 (41.52–49.32) 46.27 (42.60–49.95) 48.32 (44.40–52.25) 49.82 (45.85–53.78) 0.07 

Role-emotional 45.16 (40.67–49.66) 44.12 (39.34–48.91) 43.61 (39.10–48.12) 44.19 (39.37–49.01) 48.41 (43.55–53.28) 0.07 

Mental health 43.55 (38.85–48.24) 38.61 (33.61–43.62) 40.33 (35.62–45.05) 44.32 (39.28–49.35) 44.04 (38.96–49.13) 0.15 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), stage (I, II, or III), time since surgery (1 to <2 years, 2 to <5 

years, or ≥5 years), education level (elementary school or below, middle school, high school, or college or above), dietary supplement use (yes or no), 

alcohol intake (current, past, or never), smoking status (never or ever), and center. 
2 Physical activity levels (MET-hours/week; continuous). 
3 p for trend was calculated using the median value of each quintile category as a continuous variable. 
4 p for trend remained significant at α=0.1 after adjusting for multiple comparisons with FDR method.
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3.2. Diet scores and health-related quality of life 

Diet scores were calculated by summing each score from the three food groups to 

examine the associations of diet scores separately with the HRQoL, and they ranged 

from 3 to 12. There were no significant associations between diet scores and the 

HRQoL in all participants after adjustment for multiple comparisons (Table 13). 

However, in subgroup analyses by breast cancer stage, higher diet scores were 

associated with increased physical component summary (p for trend=0.01), physical 

functioning (p for trend=0.01), role-physical (p for trend=0.01), bodily pain (p for 

trend=0.01), vitality (p for trend=0.01), social functioning (p for trend=0.05), and 

role-emotional (p for trend=0.06) among breast cancer survivors with stage II–III 

cancer with statistical significance at FDR<0.1 (Table 15), but not among those with 

stage I (Table 14). We found significant interaction by breast cancer stage (stage I 

and II–III) for the physical component summary (p for interaction=0.01), role-

physical (p for interaction=0.001), bodily pain (p for interaction=0.001), social 

functioning (p for interaction=0.03), and role-emotional (p for interaction=0.03); the 

associations were found only among the participants who had been diagnosed with 

stage II–III breast cancer. 

When subgroup analyses were conducted to examine the associations by 

menopausal status at diagnosis, higher diet scores were associated with higher scores 

for vitality (p for trend=0.001) among breast cancer survivors with premenopausal 

status at diagnosis after applying an FDR<0.1 (Table 16). However, any association 



53 

between diet scores and the HRQoL was not found among the participants with 

postmenopausal status (Table 17). There was significant interaction by menopausal 

status at diagnosis (premenopausal and postmenopausal) for vitality (p for 

interaction=0.03).
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Table 13. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of diet scores2 among breast cancer survivors (n=618) 
 LS-means (95% CI) of HRQoL scores according to diet scores 

p for trend3  Q1 Q2 Q3 Q4 Q5 
n (Diet scores, range) 108 (3–5) 90 (6) 206 (7–8) 98 (9) 116 (10–12) 

Physical component summary 46.82 (45.04–48.60) 47.68 (45.92–49.45) 46.86 (45.34–48.39) 48.03 (46.26–49.81) 48.37 (46.64–50.10) 0.09 

Physical health sub-scales       

Physical functioning 45.01 (43.14–46.87) 45.16 (43.31–47.01) 45.08 (43.48–46.68) 45.61 (43.75–47.47) 47.31 (45.49–49.12) 0.03 

Role-physical 45.01 (42.77–47.26) 46.19 (43.97–48.41) 45.85 (43.93–47.77) 47.34 (45.10–49.57) 46.85 (44.67–49.03) 0.07 

Bodily pain 47.86 (45.53–50.19) 49.13 (46.81–51.44) 48.07 (46.07–50.07) 49.93 (47.60–52.25) 49.18 (46.91–51.45) 0.18 

General health 45.22 (42.95–47.48) 45.23 (42.98–47.48) 45.27 (43.33–47.22) 46.07 (43.81–48.34) 45.46 (43.26–47.67) 0.63 

Mental component summary 44.72 (42.25–47.18) 44.94 (42.50–47.39) 45.08 (42.97–47.20) 46.90 (44.44–49.36) 46.10 (43.70–48.50) 0.13 

Mental health sub-scales       

Vitality 45.78 (43.12–48.43) 47.20 (44.57–49.83) 45.68 (43.40–47.96) 49.13 (46.48–51.78) 48.62 (46.03–51.20) 0.01 

Social functioning 48.60 (46.56–50.64) 48.84 (46.82–50.87) 47.51 (45.77–49.26) 49.37 (47.34–51.41) 49.35 (47.37–51.33) 0.30 

Role-emotional 43.61 (41.03–46.19) 43.76 (41.20–46.32) 44.41 (42.20–46.62) 45.28 (42.70–47.85) 45.29 (42.78–47.80) 0.16 

Mental health 43.44 (40.87–46.01) 43.58 (41.03–46.12) 44.42 (42.22–46.62) 45.72 (43.15–48.28) 44.82 (42.32–47.32) 0.15 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), menopausal status at diagnosis (premenopausal, postmenopausal 

status), stage (I, II, III), time since surgery (1-<2 years, 2-<5 years, and ≥5 years), education level (elementary school or below, middle school, high school, 

and college or above), dietary supplement use (yes, no), alcohol intake (current, past, and never), smoking status (never, ever), and center. 
2 Diet scores were calculated by summing each score from the three food groups. 
3 p for trend was calculated using the median value of each quintile category as a continuous variable. 



55 

Table 14. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of diet scores2 among breast cancer survivors with stage I (n=308) 
 LS-means (95% CI) of HRQoL scores among breast cancer survivors with stage I 

p for trend3  Q1 Q2 Q3 Q4 Q5 
n (Diet scores, range) 49 (3–5) 45 (6) 108 (7–8) 51 (9) 54 (10–12) 

Physical component summary4 48.68 (46.19–51.18) 50.22 (47.92–52.52) 48.00 (46.03–49.97) 48.18 (45.86–50.51) 48.91 (46.56–51.26) 0.58 

Physical health sub-scales       

Physical functioning 47.06 (44.41–49.70) 48.10 (45.66–50.53) 46.90 (44.81–48.98) 46.30 (43.84–48.76) 49.39 (46.90–51.87) 0.53 

Role-physical4 48.20 (45.11–51.29) 50.25 (47.40–53.10) 47.88 (45.44–50.31) 48.42 (45.54–51.29) 47.90 (44.99–50.81) 0.57 

Bodily pain4 48.54 (44.99–52.09) 51.60 (48.33–54.87) 47.73 (44.94–50.53) 49.81 (46.50–53.11) 46.79 (43.46–50.13) 0.31 

General health 44.61 (41.42–47.80) 44.88 (41.93–47.82) 45.01 (42.50–47.53) 43.57 (40.60–46.54) 45.07 (42.07–48.07) 0.93 

Mental component summary 44.59 (41.20–47.99) 45.90 (42.76–49.03) 44.97 (42.29–47.64) 45.91 (42.75–49.07) 44.88 (41.69–48.08) 0.84 

Mental health sub-scales       

Vitality 45.73 (41.78–49.68) 46.94 (43.29–50.58) 44.70 (41.58–47.81) 46.89 (43.21–50.56) 46.94 (43.23–50.66) 0.73 

Social functioning4 50.07 (47.24–52.89) 51.11 (48.51–53.72) 49.18 (46.95–51.40) 50.31 (47.68–52.93) 49.21 (46.55–51.87) 0.49 

Role-emotional4 45.08 (41.49–48.68) 46.81 (43.49–50.13) 45.66 (42.82–48.49) 45.33 (41.98–48.68) 45.47 (42.08–48.85) 0.94 

Mental health 42.98 (39.23–46.73) 44.59 (41.13–48.05) 43.92 (40.96–46.87) 44.69 (41.20–48.18) 43.81 (40.28–47.34) 0.65 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), menopausal status at diagnosis (premenopausal or 

postmenopausal status), time since surgery (1 to <2 years, 2 to <5 years, or ≥5 years), education level (elementary school or below, middle school, high 

school, or college or above), dietary supplement use (yes or no), alcohol intake (current, past, or never), smoking status (never or ever), and center. 
2 Diet scores were calculated by summing each score from the three food groups. 
3 p for trend was calculated using the median value of each quintile category as a continuous variable. 
4 p for interaction was statistically significant (<0.05). 

 

 



56 

Table 15. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of diet scores2 among breast cancer survivors with stage II–III (n=310) 
 LS-means (95% CI) of HRQoL scores among breast cancer survivors with stage II–III 

p for trend3  Q1 Q2 Q3 Q4 Q5 

n (Diet scores, range) 59 (3–5) 45 (6) 98 (7–8) 47 (9) 62 (10–12) 

Physical component summary4 45.97 (43.37–48.57) 45.81 (43.17–48.45) 46.93 (44.56–49.30) 48.81 (46.09–51.52) 48.94 (46.36–51.52) 0.015 

Physical health sub-scales       

Physical functioning 44.60 (41.92–47.28) 43.19 (40.47–45.92) 45.17 (42.73–47.61) 46.74 (43.94–49.54) 47.30 (44.64–49.95) 0.015 

Role-physical4 42.62 (39.29–45.95) 43.07 (39.68–46.45) 45.11 (42.07–48.14) 46.97 (43.48–50.45) 46.60 (43.30–49.90) 0.015 

Bodily pain4 47.96 (44.83–51.10) 47.47 (44.29–50.65) 49.92 (47.07–52.77) 50.49 (47.22–53.76) 52.14 (49.04–55.25) 0.015 

General health 45.30 (41.96–48.65) 45.57 (42.17–48.96) 45.66 (42.61–48.70) 48.59 (45.10–52.08) 45.71 (42.40–49.02) 0.52 

Mental component summary 44.45 (40.72–48.18) 44.57 (40.78–48.36) 45.98 (42.58–49.38) 47.91 (44.01–51.81) 47.21 (43.51–50.91) 0.10 

Mental health sub-scales       

Vitality 45.50 (41.75–49.26) 47.73 (43.92–51.54) 47.09 (43.67–50.51) 51.37 (47.44–55.29) 50.30 (46.58–54.02) 0.015 

Social functioning4 47.30 (44.28–50.31) 47.18 (44.12–50.25) 46.42 (43.67–49.17) 48.59 (45.43–51.74) 49.76 (46.77–52.75) 0.055 

Role-emotional4 42.79 (38.93–46.64) 41.95 (38.03–45.87) 44.93 (41.42–48.44) 46.11 (42.09–50.14) 46.11 (42.29–49.93) 0.065 

Mental health 43.70 (40.01–47.40) 43.05 (39.29–46.80) 45.96 (42.60–49.32) 47.04 (43.18–50.90) 45.87 (42.21–49.53) 0.19 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), menopausal status at diagnosis (premenopausal or 

postmenopausal status), stage (II or III), time since surgery (1 to <2 years, 2 to <5 years, or ≥5 years), education level (elementary school or below, middle 

school, high school, or college or above), dietary supplement use (yes or no), alcohol intake (current, past, or never), smoking status (never or ever), and 

center.  
2 Diet scores were calculated by summing each score from the three food groups. 
3 p for trend was calculated using the median value of each quintile category as a continuous variable. 
4 p for interaction was statistically significant (<0.05). 
5 p for trend remained significant at α=0.1 after adjusting for multiple comparisons with false discovery rate method.
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Table 16. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of diet scores2 among breast cancer survivors with premenopausal status at diagnosis (n=407) 

 LS-means (95% CI) of HRQoL scores among breast cancer survivors with premenopausal status 

p for trend3  Q1 Q2 Q3 Q4 Q5 

n (Diet scores, range) 76 (3–5) 62 (6) 132 (7–8) 61 (9) 76 (10–12) 

Physical component summary 47.07 (44.98–49.16) 48.20 (46.10–50.30) 47.97 (46.18–49.77) 48.53 (46.34–50.72) 48.61 (46.49–50.73) 0.21 

Physical health sub-scales       

Physical functioning 45.84 (43.65–48.03) 46.09 (43.90–48.29) 46.57 (44.69–48.45) 46.35 (44.06–48.64) 48.35 (46.13–50.57) 0.06 

Role-physical 44.00 (41.34–46.66) 45.38 (42.72–48.05) 45.85 (43.56–48.13) 47.08 (44.29–49.86) 46.35 (43.66–49.05) 0.08 

Bodily pain 48.75 (46.02–51.48) 49.33 (46.59–52.06) 48.77 (46.42–51.11) 49.50 (46.65–52.36) 49.30 (46.53–52.07) 0.66 

General health 46.66 (44.04–49.29) 47.51 (44.88–50.14) 46.94 (44.69–49.20) 48.21 (45.46–50.96) 47.70 (45.04–50.37) 0.37 

Mental component summary 45.35 (42.37–48.32) 45.31 (42.32–48.29) 45.16 (42.60–47.72) 47.30 (44.18–50.41) 47.78 (44.77–50.80) 0.05 

Mental health sub-scales       

Vitality4 45.07 (41.92–48.22) 46.80 (43.64–49.95) 45.61 (42.91–48.31) 49.34 (46.05–52.63) 49.95 (46.76–53.14) 0.0015 

Social functioning 49.18 (46.77–51.59) 49.45 (47.04–51.87) 48.25 (46.18–50.31) 50.12 (47.60–52.64) 49.83 (47.39–52.27) 0.36 

Role-emotional 43.45 (40.37–46.53) 43.45 (40.36–46.54) 44.13 (41.48–46.78) 44.72 (41.49–47.94) 45.66 (42.53–48.78) 0.15 

Mental health 45.27 (42.29–48.25) 44.81 (41.82–47.80) 45.36 (42.79–47.92) 46.78 (43.66–49.90) 47.52 (44.49–50.54) 0.08 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), stage (I, II or III), time since surgery (1 to <2 years, 2 to <5 years, 

or ≥5 years), education level (elementary school or below, middle school, high school, or college or above), dietary supplement use (yes or no), alcohol 

intake (current, past, or never), smoking status (never or ever), and center.  
2 Diet scores were calculated by summing each score from the three food groups. 
3 p for trend was calculated using the median value of each quintile category as a continuous variable. 
4 p for interaction was statistically significant (<0.05). 
5 p for trend remained significant at α=0.1 after adjusting for multiple comparisons with false discovery rate method.
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Table 17. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to the 

quintiles of diet scores2 among breast cancer survivors with postmenopausal status at diagnosis (n=211) 

 LS-means (95% CI) of HRQoL scores among breast cancer survivors with stage II–III 

p for trend3  Q1 Q2 Q3 Q4 Q5 

n (Diet scores, range) 32 (3–5) 28 (6) 74 (7–8) 37 (9) 40 (10–12) 

Physical component summary 46.07 (42.19–49.95) 46.59 (42.87–50.31) 44.44 (41.13–47.75) 46.14 (42.82–49.47) 47.82 (44.63–51.01) 0.49 

Physical health sub-scales       

Physical functioning 43.25 (39.14–47.36) 43.39 (39.45–47.33) 41.79 (38.29–45.29) 43.56 (40.04–47.08) 45.50 (42.12–48.87) 0.31 

Role-physical 47.45 (42.67–52.23) 48.50 (43.93–53.08) 46.33 (42.26–50.40) 47.09 (43.00–51.18) 47.72 (43.80–51.65) 0.87 

Bodily pain 44.78 (39.65–49.90) 47.44 (42.53–52.35) 45.90 (41.53–50.27) 48.94 (44.55–53.33) 47.90 (43.69–52.11) 0.28 

General health 43.04 (37.98–48.09) 41.48 (36.64–46.32) 42.85 (38.54–47.16) 43.04 (38.70–47.37) 42.72 (38.57–46.88) 0.85 

Mental component summary 43.26 (38.07–48.46) 43.77 (38.80–48.75) 45.06 (40.64–49.49) 46.29 (41.84–50.73) 42.99 (38.72–47.26) 0.90 

Mental health sub-scales       

Vitality4 45.88 (40.17–51.58) 46.06 (40.59–51.53) 44.71 (39.85–49.58) 47.30 (42.41–52.19) 44.88 (40.20–49.57) 0.80 

Social functioning 46.73 (42.26–51.20) 46.90 (42.62–51.18) 45.63 (41.82–49.43) 47.72 (43.89–51.55) 48.28 (44.61–51.96) 0.47 

Role-emotional 43.72 (38.22–49.21) 44.18 (38.92–49.45) 44.98 (40.30–49.66) 45.90 (41.19–50.60) 44.51 (39.99–49.02) 0.68 

Mental health 40.44 (34.70–46.18) 41.71 (36.21–47.21) 43.43 (38.54–48.32) 44.37 (39.45–49.29) 40.54 (35.83–45.26) 0.84 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), menopausal status at diagnosis (premenopausal or 

postmenopausal status), stage (II or III), time since surgery (1 to <2 years, 2 to <5 years, or ≥5 years), education level (elementary school or below, middle 

school, high school, or college or above), dietary supplement use (yes or no), alcohol intake (current, past, or never), smoking status (never or ever), and 

center.  
2 Diet scores were calculated by summing each score from the three food groups. 
3 p for trend was calculated using the median value of each quintile category as a continuous variable. 
4 p for interaction was statistically significant (<0.05).
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3.3. BMI scores and health-related quality of life 

We examined the associations of BMI scores separately with the HRQoL (Table 18) 

and the BMI scores ranged from 1 to 4 were based on the operationalization of 

adherence scores in Table 1. Higher BMI scores were associated with higher scores 

of the physical component summary and the physical functioning; LS-means (95% 

CIs) of the lowest and the highest BMI scores: for physical component summary, 

47.45 (44.86–50.03) and 48.31 (46.91–49.72; p for trend=0.01), respectively; for the 

physical functioning, 45.84 (43.13–48.56) and 46.65 (45.17–48.12; p for 

trend=0.004). These associations remained statistically significant after applying an 

FDR<0.1. In the subgroup analyses by breast cancer stage, higher BMI scores were 

associated with improved physical component summary (p for trend=0.01) and the 

physical functioning (p for trend=0.04), role-physical (p for trend=0.03), and bodily 

pain (p for trend=0.02) domains only among breast cancer survivors with stage II–

III cancer (Table 19 and Table 20). These associations were all significant after 

applying an FDR<0.1. The association was not statistically significant among those 

with stage I cancer. The results revealed a significant interaction by breast cancer 

stage (stage I and II–III) for the physical component summary (p for interaction=0.05) 

and vitality (p for interaction=0.05) domains. 

When we examined whether these associations were modified by menopausal 

status, higher BMI scores were associated with increased physical component 

summary (p for trend=0.01) and physical functioning (p for trend=0.001) among 
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breast cancer survivors with premenopausal status after the adjustment for multiple 

comparisons (Table 21). However, there were no significant associations of BMI 

scores with the HRQoL among those with postmenopausal status at diagnosis at 

FDR<0.1 (Table 20). 
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Table 18. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to BMI 

scores2 among breast cancer survivors (n=618) 

 LS-means (95% CI) of HRQoL scores according to BMI scores 
p for 

trend4 
 1 2 3 4 

n (BMI, median) 33 (18.07, 31.13)3 142 (26.45) 147 (23.91) 296 (21.33) 

Physical component summary  47.45 (44.86–50.03) 45.92 (44.39–47.45) 48.44 (46.84–50.05) 48.31 (46.91–49.72) 0.015 

Physical health sub-scales      

Physical functioning  45.84 (43.13–48.56) 43.69 (42.09–45.30) 46.34 (44.66–48.03) 46.65 (45.17–48.12) 0.0045 

Role-physical  46.38 (43.10–49.66) 44.78 (42.84–46.71) 46.69 (44.66–48.73) 47.09 (45.31–48.87) 0.05 

Bodily pain  47.37 (43.95–50.78) 47.89 (45.87–49.90) 49.47 (47.35–51.59) 49.44 (47.58–51.29) 0.07 

General health  42.69 (39.37–46.01) 45.84 (43.88–47.80) 45.93 (43.87–47.99) 45.38 (43.58–47.19) 0.53 

Mental component summary  43.14 (39.52–46.75) 46.43 (44.30–48.57) 44.97 (42.72–47.22) 45.49 (43.52–47.45) 0.81 

Mental health sub-scales      

Vitality  46.49 (42.57–50.42) 47.36 (45.04–49.68) 47.51 (45.07–49.95) 46.97 (44.84–49.10) 0.90 

Social functioning  47.60 (44.61–50.60) 48.53 (46.76–50.30) 48.29 (46.42–50.15) 49.15 (47.53–50.78) 0.23 

Role-emotional  43.62 (39.84–47.41) 44.36 (42.12–46.60) 44.37 (42.02–46.73) 44.71 (42.65–46.77) 0.55 

Mental health  40.95 (37.19–44.71) 44.92 (42.70–47.14) 44.02 (41.69–46.36) 44.79 (42.75–46.83) 0.22 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life; BMI, body mass index. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), menopausal status at diagnosis (premenopausal 

or postmenopausal status), stage (I, II, or III), time since surgery (1 to <2 years, 2 to <5 years, or ≥5 years), education level (elementary 

school or below, middle school, high school, or college or above), dietary supplement use (yes or no), alcohol intake (current, past, or 

never), smoking status (never or ever), and center. 
2 BMI scores, 1 (<18.5 or ≥30 kg/m2); 2 (25 to <30 kg/m2); 3 (23 to <25 kg/m2); 4 (18.5 to <23 kg/m2) 
3 Median values for <18.5 kg/m2 and ≥30 kg/m2 
4 p for trend was calculated using the median value of each category as a continuous variable. 
5 p for trend remained significant at α=0.1 after adjusting for multiple comparisons with false discovery rate method. 



62 

Table 19. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to BMI 

scores2 among breast cancer survivors with stage I cancer (n=307) 

 LS-means (95% CI) of HRQoL scores among breast cancer survivors with stage I  
p for 

trend4 
 1 2 3 4 

n (BMI, median) 18 (18.06, 31.65)3 67 (26.45) 67 (23.94) 155 (21.33) 

Physical component summary5 50.17 (46.81–53.53) 47.64 (45.58–49.69) 49.96 (47.74–52.18) 48.92 (47.13–50.72) 0.24 

Physical health sub-scales      

Physical functioning 47.40 (43.83–50.97) 46.13 (43.95–48.32) 48.75 (46.39–51.12) 48.00 (46.09–49.90) 0.25 

Role-physical 51.54 (47.39–55.69) 47.08 (44.54–49.62) 49.15 (46.41–51.89) 48.83 (46.62–51.05) 0.08 

Bodily pain 50.31 (45.48–55.14) 48.05 (45.09–51.01) 49.60 (46.40–52.79) 49.13 (46.55–51.71) 0.43 

General health 42.99 (38.70–47.28) 45.72 (43.09–48.35) 44.89 (42.05–47.73) 44.29 (42.00–46.59) 0.16 

Mental component summary 44.33 (39.76–48.90) 46.18 (43.38–48.98) 44.40 (41.38–47.42) 45.20 (42.76–47.64) 0.52 

Mental health sub-scales      

Vitality5 47.48 (42.17–52.80) 47.29 (44.03–50.55) 46.34 (42.82–49.86) 44.99 (42.15–47.83) 0.29 

Social functioning 49.52 (45.71–53.33) 49.66 (47.32–52.00) 49.40 (46.87–51.92) 50.39 (48.35–52.43) 0.55 

Role-emotional 46.26 (41.41–51.11) 45.11 (42.14–48.08) 46.06 (42.85–49.26) 46.04 (43.45–48.64) 0.55 

Mental health 42.15 (37.11–47.19) 44.90 (41.81–47.99) 43.06 (39.72–46.40) 44.26 (41.56–46.95) 0.59 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life; BMI, body mass index. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), menopausal status at diagnosis (premenopausal 

or postmenopausal status), time since surgery (1 to <2 years, 2 to <5 years, or ≥5 years), education level (elementary school or below, 

middle school, high school, or college or above), dietary supplement use (yes or no), alcohol intake (current, past, or never), smoking status 

(never or ever), and center. 
2 BMI scores, 1 (<18.5 or ≥30 kg/m2); 2 (25 to <30 kg/m2); 3 (23 to <25 kg/m2); 4 (18.5 to <23 kg/m2) 
3 Median values for <18.5 kg/m2 and ≥30 kg/m2 
4 p for trend was calculated using the median value of each category as a continuous variable. 
5 p for interaction was statistically significant (<0.05). 
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Table 20. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to BMI 

scores2 among breast cancer survivors with stage II–III cancer (n=307) 

 LS-means (95% CI) of HRQoL scores among breast cancer survivors with stage II–III  

p for trend4  1 2 3 4 

n (BMI, median) 15 (18.29, 31.04)3 75 (26.45) 80 (23.83) 141 (21.33) 

Physical component summary5 45.86 (41.85–49.88) 45.25 (42.94–47.56) 48.04 (45.70–50.37) 48.37 (46.22–50.53) 0.016 

Physical health sub-scales      

Physical functioning 46.22 (42.08–50.37) 43.12 (40.73–45.51) 45.65 (43.24–48.06) 46.43 (44.21–48.66) 0.046 

Role-physical 42.01 (36.82–47.20) 43.40 (40.41–46.39) 45.31 (42.30–48.33) 45.94 (43.15–48.72) 0.036 

Bodily pain 44.72 (39.85–49.59) 48.82 (46.01–51.62) 50.07 (47.24–52.90) 50.62 (48.00–53.23) 0.026 

General health 43.54 (38.34–48.74) 45.86 (42.87–48.86) 47.11 (44.09–50.14) 46.04 (43.25–48.83) 0.15 

Mental component summary 42.16 (36.37–47.94) 47.29 (43.95–50.63) 45.64 (42.27–49.00) 45.79 (42.68–48.90) 0.93 

Mental health sub-scales      

Vitality5 45.07 (39.17–50.97) 48.10 (44.71–51.50) 48.63 (45.20–52.06) 48.85 (45.68–52.01) 0.28 

Social functioning 46.37 (41.65–51.08) 48.04 (45.32–50.76) 47.64 (44.89–50.38) 48.03 (45.50–50.56) 0.67 

Role-emotional 42.32 (36.30–48.34) 44.91 (41.44–48.38) 43.83 (40.33–47.33) 44.30 (41.07–47.53) 0.88 

Mental health 40.03 (34.30–45.77) 45.68 (42.37–48.98) 45.18 (41.84–48.51) 45.35 (42.27–48.42) 0.34 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life; BMI, body mass index. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), menopausal status at diagnosis (premenopausal 

or postmenopausal status), stage (II or III), time since surgery (1 to <2 years, 2 to <5 years, or ≥5 years), education level (elementary school 

or below, middle school, high school, or college or above), dietary supplement use (yes or no), alcohol intake (current, past, or never), 

smoking status (never or ever), and center.  
2 BMI scores, 1 (<18.5 or ≥30 kg/m2); 2 (25 to <30 kg/m2); 3 (23 to <25 kg/m2); 4 (18.5 to <23 kg/m2) 
3 Median values for <18.5 kg/m2 and ≥30 kg/m2 
4 p for trend was calculated using the median value of each category as a continuous variable. 
5 p for interaction was statistically significant (<0.05). 
6 p for trend remained significant at α=0.1 after adjusting for multiple comparisons with false discovery rate method.
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Table 21. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to BMI 

scores2 among breast cancer survivors with premenopausal status at diagnosis (n=407) 

 LS-means (95% CI) of HRQoL scores among breast cancer survivors with premenopausal status  

p for trend4  1 2 3 4 

n (BMI, median) 19 (17.79, 31.65)3 89 (26.31) 86 (23.92) 213 (21.30) 

Physical component summary 48.35 (45.08–51.61) 46.07 (44.24–47.90) 49.13 (47.14–51.12) 48.98 (47.33–50.62) 0.015 

Physical health sub-scales      

Physical functioning 46.09 (42.68–49.50) 44.13 (42.23–46.04) 47.63 (45.56–49.71) 47.93 (46.22–49.64) 0.0015 

Role-physical 45.38 (41.18–49.58) 44.02 (41.67–46.37) 46.85 (44.29–49.41) 46.45 (44.34–48.56) 0.11 

Bodily pain 47.17 (42.86–51.48) 48.28 (45.87–50.69) 49.31 (46.68–51.93) 49.81 (47.65–51.98) 0.45 

General health 46.32 (42.15–50.48) 47.45 (45.12–49.79) 47.76 (45.22–50.30) 47.21 (45.12–49.30) 0.60 

Mental component summary 42.37 (37.66–47.08) 47.35 (44.71–49.99) 45.35 (42.48–48.22) 45.65 (43.28–48.01) 0.08 

Mental health sub-scales      

Vitality 45.46 (40.40–50.53) 47.43 (44.59–50.26) 47.56 (44.48–50.65) 46.66 (44.11–49.20) 0.37 

Social functioning 48.44 (44.62–52.25) 49.76 (47.62–51.89) 48.21 (45.88–50.54) 49.26 (47.34–51.17) 0.73 

Role-emotional 41.85 (36.97–46.73) 44.22 (41.49–46.96) 44.36 (41.38–47.34) 44.39 (41.93–46.84) 0.73 

Mental health 40.94 (36.22–45.65) 46.37 (43.73–49.00) 45.50 (42.63–48.37) 46.08 (43.71–48.45) 0.30 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life; BMI, body mass index. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), stage (I, II or III), time since surgery (1 to <2 

years, 2 to <5 years, or ≥5 years), education level (elementary school or below, middle school, high school, or college or above), dietary 

supplement use (yes or no), alcohol intake (current, past, or never), smoking status (never or ever), and center.  
2 BMI scores, 1 (<18.5 or ≥30 kg/m2); 2 (25 to <30 kg/m2); 3 (23 to <25 kg/m2); 4 (18.5 to <23 kg/m2) 
3 Median values for <18.5 kg/m2 and ≥30 kg/m2 
4 p for trend was calculated using the median value of each category as a continuous variable. 
5 p for trend remained significant at α=0.1 after adjusting for multiple comparisons with false discovery rate method. 
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Table 22. Least-squares means (LS-means)1 and 95% confidence intervals (CIs) of HRQoL scores according to BMI 

scores2 among breast cancer survivors with postmenopausal status at diagnosis (n=211) 

 LS-means (95% CI) of HRQoL scores among breast cancer survivors with postmenopausal status  

p for trend4  1 2 3 4 

n (BMI, median) 14 (18.36, 31.00)3 53 (26.67) 61 (23.85) 83 (21.36) 

Physical component summary 45.82 (41.05–50.60) 45.92 (42.81–49.03) 47.25 (44.11–50.40) 46.94 (43.95–49.93) 0.45 

Physical health sub-scales      

Physical functioning 45.18 (40.13–50.23) 42.92 (39.64–46.21) 44.39 (41.07–47.71) 44.45 (41.29–47.61) 0.67 

Role-physical 48.76 (42.96–54.55) 46.32 (42.55–50.10) 47.02 (43.20–50.83) 48.80 (45.18–52.43) 0.37 

Bodily pain 46.39 (40.11–52.67) 46.70 (42.62–50.79) 48.73 (44.60–52.87) 47.72 (43.80–51.65) 0.53 

General health 37.47 (31.38–43.56) 44.01 (40.06–47.97) 42.90 (38.90–46.91) 42.15 (38.35–45.96) 0.67 

Mental component summary 43.74 (37.37–50.10) 44.09 (39.95–48.23) 43.82 (39.63–48.01) 44.91 (40.93–48.89) 0.60 

Mental health sub-scales      

Vitality 45.62 (38.65–52.60) 45.85 (41.31–50.38) 45.92 (41.34–50.51) 45.70 (41.33–50.06) 0.98 

Social functioning 45.80 (40.39–51.22) 45.86 (42.33–49.38) 47.96 (44.40–51.52) 48.98 (45.59–52.36) 0.05 

Role-emotional 46.91 (40.22–53.59) 43.99 (39.64–48.34) 44.48 (40.08–48.88) 45.41 (41.23–49.60) 0.89 

Mental health 40.60 (33.55–47.64) 42.37 (37.79–46.95) 41.42 (36.79–46.06) 42.63 (38.22–47.04) 0.63 

Abbreviations: LS-means, least-squares means; CIs, confidence intervals; HRQoL, health-related quality of life; BMI, body mass index. 
1 Models were adjusted for age (years; continuous), energy intake (kcal/day; continuous), stage (I, II or III), time since surgery (1 to <2 

years, 2 to <5 years, or ≥5 years), education level (elementary school or below, middle school, high school, or college or above), dietary 

supplement use (yes or no), alcohol intake (current, past, or never), smoking status (never or ever), and center.  
2 BMI scores, 1 (<18.5 or ≥30 kg/m2); 2 (25 to <30 kg/m2); 3 (23 to <25 kg/m2); 4 (18.5 to <23 kg/m2) 
3 Median values for <18.5 kg/m2 and ≥30 kg/m2 
4 p for trend was calculated using the median value of each category as a continuous variable. 
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V. Discussion 

The purpose of this study was to examine whether better adherence to the ACS 

guidelines was associated with higher scores of the HRQoL among Korean breast 

cancer survivors. We found that higher adherence scores were associated with 

improved physical component summary, physical functioning, bodily pain, and 

vitality domains among the SF-36 scales. When the participants were stratified by 

the breast cancer stage at diagnosis (I and II–III), positive associations between 

degree of adherence to the ACS guidelines and the level of HRQoL were observed 

only in the participants with stage II–III cancer. Furthermore, significant associations 

between the adherence scores and the HRQoL were not found among the breast 

cancer survivors with premenopausal status at diagnosis. When we examined 

whether each component of the ACS guidelines was associated with the HRQoL, we 

found that higher physical activity levels were associated with higher levels of 

physical component summary, physical functioning, general health, and vitality 

scores, and improved bodily pain level among the HRQoL components. In addition, 

significant associations of higher diet scores and BMI scores with the higher HRQoL 

were observed. These associations were not found among the participants with stage 

I breast cancer or postmenopausal status at diagnosis. 

The findings of the present study are consistent with previous research, especially 

in terms of physical domains of quality of life (Inoue-Choi et al., 2013; Lei et al., 

2018; Patsou et al., 2018; Shin et al., 2017; Song et al., 2015; Wayne et al., 2006). 
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Among elderly female breast cancer survivors in the Iowa Women’s Health Study, 

the participants who adhered to the WCRF/AICR diet and physical activity 

guidelines had better physical component summary scores compared to those who 

did not follow the guidelines (Inoue-Choi et al., 2013). In a cross-sectional study 

which was nested in the HEAL cohort study, breast cancer survivors with better diet 

quality, assessed using the Diet Quality Index, had higher scores for physical 

functioning, bodily pain among the physical SF-36 scales (Wayne et al., 2006). 

Greek breast cancer survivors who had higher physical activity levels also had 

increased physical functioning scores (Patsou et al., 2018). Furthermore, several 

intervention studies support the evidence that healthy lifestyle behaviors 

(maintaining a healthy body weight, engaging in exercise, or consuming a healthy 

diet) improved cancer survivors’ quality of life (Carayol et al., 2019; Demark-

Wahnefried et al., 2015; Golubic et al., 2018; Kwiatkowski et al., 2017; Morey et al., 

2009). The Programme of Accompanying women after breast Cancer treatment 

completion in Thermal resorts (PACThe) trial also showed that the improvement of 

SF-36 physical subscores was bigger among breast cancer survivors in France who 

participated in group physical training and nutritional education compared with the 

control group, yet this improvement was not significant after a year (Kwiatkowski 

et al., 2017). The ENERGY trial, a randomized trial with an intensive program group 

versus an attention control group that was advised to adhere to the ACS dietary and 

exercise guidelines, found poorer physical function and symptoms in the control 

group compared to the intervention group (Demark-Wahnefried et al., 2015). In 
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terms of the association between body weight and the quality of life among breast 

cancer survivors, an observational study of breast cancer survivors found that higher 

BMI was associated with worse HRQoL after cancer treatment, including lower 

levels of physical and functional well-being, upset feelings, and greater interference 

with general activity and work (Fang et al., 2013). A follow-up study of breast cancer 

survivors who participated in the HEAL cohort study showed that weight gain of ≥5% 

after a 30-month of follow-up was associated with lower levels of physical 

functioning, role-physical, and physical component summary scores among breast 

cancer survivors with baseline BMI of <25 kg/m2, compared to those with weight 

change of <5% (Imayama et al., 2013).  

In the present study, increased adherence to the ACS guidelines was associated 

with the physical component summary, the two components of physical HRQoL, and 

vitality which is a component of the mental HRQoL. However, there was no 

association of adherence scores with the mental component summary of the HRQoL, 

which are different from other previous studies (Demark-Wahnefried et al., 2015; 

Inoue-Choi et al., 2013; Morey et al., 2009; Patsou et al., 2018; Wayne et al., 2006). 

Several epidemiologic studies showed that engaging in healthy behaviors were 

associated with better mental quality of life including mental component summary 

(Inoue-Choi et al., 2013; Wayne et al., 2006), social functioning (Patsou et al., 2018), 

mental health (Morey et al., 2009), and vitality (Demark-Wahnefried et al., 2015) 

among breast cancer survivors. This may have been due to measurement errors in 

the mental components because the HRQoL levels of the SF-36 questionnaire were 
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self-reported. Hence, further investigation in Asian breast cancer survivors is needed. 

Although it remains unclear how healthy lifestyle behaviors contribute to the 

improvement in the quality of life in cancer survivors, modifications in insulin-like 

growth factor (IGF) actions (Clayton, Banerjee, Murray, & Renehan, 2011; 

Giovannucci, 2003; Irwin et al., 2009; Pollak, Schernhammer, & Hankinson, 2004) 

and decreased insulin resistance (Duggan et al., 2011; Travier et al., 2018) may be 

potential mechanisms. The potential link of lifestyle factors to cancer prognosis 

through IGF-1 signaling and the insulin resistance pathway has been suggested in 

several studies (Clayton et al., 2011; Duggan et al., 2011; Giovannucci, 2003; Irwin 

et al., 2009; Pollak et al., 2004; Travier et al., 2018). A few intervention studies on 

breast cancer survivors showed that a healthy diet and exercise modified the levels 

of IGF-1 and insulin resistance-related markers. Furthermore, a randomized 

controlled trial of postmenopausal breast cancer survivors found that aerobic 

exercise decreased IGF-1 and insulin-like growth factor-binding protein-3 (IGFBP-

3), a predominant binding protein for IGF-1 (Irwin et al., 2009). Moreover, a 12-

week diet and exercise intervention in overweight and obese breast cancer survivors 

resulted in significant improvements in the homeostasis model assessment of insulin 

resistance (HOMA-IR) (Travier et al., 2018). Several epidemiologic studies 

discovered an increased risk of breast cancer with higher levels of IGF-1 and the 

ratio of IGF-1 to IGFBP-3 (Giovannucci, 2003; Pollak et al., 2004). Indeed, a pooled 

meta-analysis of nested case-control studies found a relative risk of 1.2 for breast 

cancer risk comparing top to bottom categories of IGF-1 levels (Clayton et al., 2011). 
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Elevated HOMA scores were also associated with higher breast cancer mortality 

among breast cancer survivors (Duggan et al., 2011). 

Several epidemiologic studies found that a healthy lifestyle was associated with 

improved survival regardless of cancer stage or menopausal status (Andreano et al., 

2017; Holmes, Chen, Feskanich, Kroenke, & Colditz, 2005; Shu et al., 2009). In the 

present study, any significant association of adherence scores with the HRQoL 

among breast cancer survivors who were postmenopausal at diagnosis was not found, 

but more components of the HRQoL reached statistical significance among those 

with stage II–III cancer or with premenopausal at diagnosis. Similarly, positive 

associations between each component of the ACS guidelines and the HRQoL were 

more pronounced among breast cancer survivors who had stage II–III cancer or 

premenopausal status at diagnosis. Although the reasons are unclear, it is possible 

that behavioral changes are stronger determinants of the quality of life among young 

Korean breast cancer survivors with stage II–III cancer than among those with stage 

I cancer. Motivation and self-concept may vary by cancer stage, but there are limited 

studies regarding motivation and self-concept of health on Korean breast cancer 

survivors. Further prospective studies in Asian populations are warranted to examine 

whether the associations for lifestyle factors differ by cancer stage and menopausal 

status at diagnosis. 

This study suggests the significance of adherence to healthy lifestyle behaviors 

for a better quality of life for breast cancer survivors. The previous studies which 

examined the associations between compliance to healthy behaviors and HRQoL 
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were mainly conducted in Caucasian populations. However Asian breast cancer 

patients have different characteristics, including the age of onset, tumor types, and 

menopausal status at diagnosis, compared to Western breast cancer patients (Huang 

et al., 2010; Yi et al., 2012). Therefore, the results of the present study among Korean 

breast cancer survivors may be useful in examining the associations between healthy 

lifestyle behaviors and the quality of life among cancer survivors in Asian 

populations. 

However, the results of the present study should be interpreted cautiously due to 

several study limitations. First, because this was a cross-sectional study, a causal 

relationship between adherence to guidelines for cancer survivors and the HRQoL 

could not be determined. Further prospective studies are warranted to evaluate a 

temporal relationship between adherence to guidelines and the HRQoL scores. 

Second, measurement errors inherent in the dietary assessment may be present. 

However, because 3-day dietary records and a validated FFQ were used, 

measurement errors may not fully explain the findings of this study. Third, residual 

confounding might exist in the present study, but we carefully adjusted for possible 

confounding factors, including smoking, alcohol intake, and cancer stage. Lastly, 

although the generalizability of the results to breast cancer survivors in Korea may 

be limited, we believe that generalizability may not be such a problem in this study, 

as the participating hospitals treated many patients from all over the country. 

In conclusion, better adherence to the ACS guidelines for cancer survivors was 

associated with better HRQoL among Korean breast cancer survivors. This positive 
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association between adherence scores and the HRQoL scores was more pronounced 

among breast cancer survivors with stage II–III cancer compared to those with stage 

I cancer. In addition, higher physical activity levels and BMI scores were 

independently associated with higher HRQoL scores. The positive association 

between diet scores and the HRQoL was limited to breast cancer survivors with stage 

II-III cancer. The present study suggests the importance of adherence to healthy 

lifestyle behaviors for a better quality of life among Korean breast cancer survivors 

and emphasizes the necessity of future prospective studies regarding modification of 

lifestyle factors and the quality of life or cancer outcomes.
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VI. Summary 

In this cross-sectional study, better adherence to the ACS guidelines for cancer 

survivors was associated improved physical component summary, physical 

functioning, bodily pain, and vitality among Korean breast cancer survivors. In 

addition, higher physical activity levels were associated with improved physical 

component summary, physical functioning, bodily pain, general health, and vitality. 

Although diet scores were not independently associated with the HRQoL, healthier 

body weight was associated with better physical component summary and physical 

functioning. These positive associations between adherence to the ACS guidelines 

(or each component of the guidelines) and the HRQoL were mainly driven by the 

breast cancer survivors who were diagnosed with stage II–III cancer and were not 

found among the participants with postmenopausal status at diagnosis. This study 

indicates that adherence to healthy lifestyle behaviors may be important to a better 

quality of life among Korean breast cancer survivors.
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국문초록 

 

유방암 경험자들의 암 경험자를 위한 

지침 수행 정도와 삶의 질과의 연관성 

서울대학교 대학원 식품영양학과 

고다혜 

유방암은 국내외적으로 가장 빈번하게 발생하는 여성암이다. 유방암 

경험자들의 생존율이 증가함에 따라, 그들의 더 나은 삶의 질을 위한 

건강 관리 지침의 중요성이 대두되고 있다. 본 단면연구에서는, 한국인 

유방암 경험자를 대상으로, 미국 암 협회 (the American Cancer 

Society, 이하 ACS)에서 발표한 암 생존자들을 위한 지침 수행 정도와 

건강관련 삶의 질 (health-related quality of life, 이하 HRQoL) 

사이의 연관성을 살펴보았다. 미국 암 연합위원회 (American Joint 

Committee on Cancer, AJCC) 의 병기 분류에 따라 1기에서 3기의 

유방암을 원발암으로 진단받았으며, 유방암 수술일자로부터 생존 기간이 

1년 이상인 618명 (연령 30–81세)의 유방암 경험자들이 연구에 

포함되었다. 참여자들의 HRQoL을 평가하기 위해 한국어판 36-Item 
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Short-Form Health Survey (이하 SF-36)가 사용되었으며, 지침 수행 

점수는 ACS에서 제안한 암 생존자들을 위한 영양 및 신체 활동에 대한 

지침 (Nutrition and Physical Activity Guidelines for Cancer 

Survivors)을 기반으로 계산되었다. ACS 지침은 다음의 세 가지 요소로 

구성되어있다: (1) 건강한 체중을 달성하고 유지할 것; (2) 규칙적인 

신체활동을 실천할 것; (3) ACS의 암 예방을 위한 영양 및 신체활동 

지침을 기반으로, 채소, 과일, 전곡류를 많이 포함하며 가공육 및 

적색육을 적게 포함하는 식이 패턴을 유지할 것. 일반화 선형 모델을 

이용하여 수행도 점수의 오분위수에 따라 HRQoL의 최소 제곱 평균과 

95% 신뢰구간을 산출하였다. 유방암 병기 및 진단 시 폐경 상태에 따라 

추가로 층화 분석을 실시하였다. 추가적으로, ACS 지침의 각 요인 

(신체활동, 식이, 체중)과 유방암 경험자들의 HRQoL의 연관성 또한 

살펴보았다. 따른 다중 비교 (multiple comparisons)의 문제를 

추가적으로 보정하기 위해 false discovery rate (이하 FDR) 방법을 

이용하였고 FDR<0.1일 때 통계적으로 유의하다고 판정하였다. 지침 

수행 점수가 높을수록 신체적 요소 요약, 신체적 기능, 신체 통증, 활력 

점수가 통계적으로 유의하게 증가하는 것으로 나타났다. 신체적 요소 

요약 점수의 경우, 최소 제곱 평균 (95% 신뢰구간)은 최하위 

오분위수에서 46.29 (44.76–47.83) 이고 최상위 오분위수에서 48.99 
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(47.34–50.63; p for trend<0.001)였다. 신체적 기능 점수의 경우, 최소 

제곱 평균 (95% 신뢰구간)은 최하위 오분위수에서 44.08 (42.47–

45.69)이고 최상위 오분위수에서 47.30 (45.58–49.03; p for 

trend<0.001)였다. 신체 통증 점수의 경우, 최소 제곱 평균 (95% 

신뢰구간)은 최하위 오분위수에서 47.27 (45.25–49.29) 이고 최상위 

오분위수에서 49.91 (47.74–52.08; p for trend=0.01)였다. 활력 

점수의 경우, 최소 제곱 평균 (95% 신뢰구간)은 최하위 오분위수에서 

45.37 (43.05–47.68) 이고 최상위 오분위수에서 48.56 (46.07–51.04; 

p for trend=0.02)였다. 이러한 연관성들은 주로 유방암 병기가 II 혹은 

III인 대상자들에서의 연관성으로부터 기인한 것이었다. ACS 지침의 각 

요인들과 유방암 경험자들의 HRQoL의 연관성을 살펴보았을 때, 

신체활동 수준이 증가함에 따라 신체적 요소 요약, 신체적 기능, 신체 

통증, 일반적 건강, 활력 점수가 통계적으로 유의하게 증가했다. 이는 

유방암 병기가 II 혹은 III인 대상자들로부터 기인한 것이었다. 식이 

점수와 HRQoL 사이의 양의 상관 관계 역시 유방암 병기가 II 혹은 

III인 대상자들에게서만 발견되었다. 또한 BMI 점수가 증가함에 따라 

신체적 요소 요약, 신체적 기능 점수가 통계적으로 유의하게 증가했지만, 

유방암 병기가 I이었던 대상자들에게서는 유의한 연관성을 찾을 수 

없었다. 결론적으로 한국인 유방암 생존자들의 암 경험자들을 위한 ACS 
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지침의 수행 정도가 증가할수록 건강관련 삶의 질이 높아지는 것을 알 

수 있었다. 하지만 이러한 양의 상관관계는 유방암 병기가 I인 

대상자들과 비교하여서, 유방암 병기가 II 혹은 III인 대상자들에게 더 

뚜렷하게 나타났다. 암 경험자를 위한 지침 수행 정도가 유방암 

경험자들의 건강관련 삶의 질에 미치는 영향을 밝히기 위해 전향적 

연구가 수행되어야 할 것으로 사료된다. 

 

주요어: 유방암 경험자; 건강관련 삶의 질; 암 경험자를 위한 지침; 생활 습관; 

신체활동 

학번: 2018-27218 
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