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Abstract

Purpose This systematic review aims to summarize the associations between combined healthy lifestyles and psychosocial 

outcomes (health-related quality of life (HRQOL), depression, anxiety, psychological distress (PD), and posttraumatic stress 

disorder (PTSD)) among cancer survivors.

Methods PubMed, Web of Science, Cochrane Library, and EMBASE were searched for observational and interventional 

studies examining healthy lifestyle scores (HLS, calculated by a combination of at least three lifestyles) and psychosocial 

outcomes among cancer survivors from inception to April 2024. A minimum of two studies with the same study design were 

pooled using random effects models.

Results Twenty-one studies (44,812 survivors) were included. Of all studies, 16 of which were included in meta-analysis. 

The pooling of cross-sectional evidence shows significant association between HLS and overall, physical, and psychosocial 

HRQOL. Significance was only observed for overall and physical HRQOL but not for psychosocial HRQOL in cohort studies. 

The estimations and 95% confidence interval (CI) with 1-point increase in HLS were 1.47 (0.83–2.12) and 1.42 (0.19–2.65) 

for overall and physical HRQOL, respectively. The evidence from interventional studies also indicated that interventions on 

multiple lifestyles have positive effects on the physical but not psychosocial HRQOL. Despite the limited number of studies, 

significant associations were found between HLS and depression, anxiety, PD, and PTSD.

Conclusions Although evidence is limited, we found that the combination of multiple healthier lifestyles is associated with 

better psychosocial outcomes in cancer survivors.

Implications for cancer survivors This review underscores the potential for adhering to multiple healthy lifestyles to improve 

psychosocial outcomes and enhance HRQOL for cancer survivors.
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Introduction

Due to the increasing cancer incidence, population aging, 

and advancements in early screening and treatment, there 

is an increasing number of people living with a diagnosis 

of cancer [1]. According to recent estimates, there were 

approximately 20 million new cancer cases worldwide in 

2022 [2]. An estimated of 18.1 million citizens in the United 

States were living with a cancer diagnosis in 2022 [3], and 

the number for Europe was close to 24 million in 2020 [4]. 

Cancer survivors are more likely to suffer from psycho-

social problems (e.g., lower health-related quality of life 

[HRQOL], depression, anxiety, and psychological distress 

[PD] [5–7]) than the general population, even years after 

diagnosis. Improving survival has always been regarded 

as the key aim of cancer survivor care. However, another 

important but under acknowledged aspect is the psycho-

social health care of cancer survivors. Psychosocial health 

is not only associated with HRQOL, but may also have an 

impact on the survival of cancer survivors [8].

Previous evidence has linked healthy lifestyles with the 

promotion of better psychosocial outcomes of cancer survi-

vors [9, 10]. However, the majority of studies have focused 

on only one or two specific lifestyles, such as physical 
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activity [11], diet [12], and body mass index (BMI) [13] 

and psychosocial outcomes. Considering that lifestyle fac-

tors often occur concurrently and interact with each other, 

it is uncommon for individuals to change an isolated health 

behavior in real life. Assessing multiple healthy lifestyle fac-

tors jointly may provide a more profound and precise under-

standing of the association between lifestyles and psychoso-

cial outcomes among cancer survivors. There are a growing 

number of studies examining the relationship between com-

bined healthy lifestyle factors and psychosocial outcomes 

among cancer survivors. However, the results are mixed [14, 

15]. To the best of our knowledge, no systematic review and 

meta-analysis on this topic are available. To fill this gap, we 

conducted this systematic review and meta-analysis to sum-

marize the evidence from observational and interventional 

studies on the relationship between combined healthy life-

styles and psychosocial outcomes among cancer survivors.

Methods

This systematic review and meta-analysis were performed 

following the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) [16] checklist and 

is registered at the International Prospective Register of Sys-

tematic Reviews (CRD42024544379).

Search strategy

PubMed, Web of Science, Cochrane Library, and EMBASE 

were searched from inception to April 2024 by CZ with 

search terms related to “combined,” “lifestyle,” “cancer 

survivor,” “depress*,” “anxiety,” “quality of life,” “men-

tal health,” “well-being,” and “psychosocial outcomes” 

included in the titles or abstracts. The detailed search strat-

egies are provided in supplementary Table S1. The reference 

lists of relevant reviews and included studies were checked 

manually to identify additional studies.

Study selection

After removing duplicate studies, CZ and ZL carried out 

the study selection independently according to the follow-

ing inclusion and exclusion criteria. Any controversies were 

addressed by consulting a third investigator (MT).

The inclusion criteria were as follows: (1) were ran-

domized controlled trials (RCTs) or observational stud-

ies (cohort or cross-sectional studies) investigating the 

association between combined healthy lifestyle factors 

and psychosocial outcomes among cancer survivors; (2) 

used a combination of at least three healthy lifestyle fac-

tors as interventions or exposures, and the lifestyle factor 

included but not limited to physical activity, diet, cigarette 

smoking, alcohol consumption, and body weight; (3) the 

primary psychosocial outcomes of interest was HRQOL, 

the secondary psychosocial outcomes of interest were 

depression, anxiety, post-traumatic stress disorder (PTSD), 

and PD; and (4) focused on individuals with a diagnosis of 

cancer, regardless of the cancer sites and stages; (5) age at 

diagnosis ≥ 18 years; (6) language was English.

The exclusion criteria were as follows: (1) reviews, 

abstracts, case studies, and animal studies; (2) publica-

tions that used a combination of only one or two healthy 

lifestyle factors as the interventions or exposures because 

we assumed that the overall lifestyle patterns could not 

be fully reflected by only one or two lifestyle factors; (3) 

studies that focused on the general population or individu-

als with a diagnosis of diseases other than cancer; and (4) 

duplicate studies.

Data extraction and study quality assessment

The data were extracted by CZ and ZL independently 

using a predesigned extraction form. The following data 

were extracted: name of the first author, publication year, 

title, country, characteristics of the study population (can-

cer type, age, sex), sample size, follow-up duration (only 

for longitudinal studies), definition and measurements 

of outcomes, components and definition of combined 

healthy lifestyle factors, selection or intervention of con-

trol groups, adjusted confounding factors, and adjusted 

risk estimates with corresponding 95% confidence inter-

vals (CIs).

All included studies in this systematic review and meta-

analysis were evaluated using standardized and well-used 

tools. The National Institute of Health Quality Assessment 

Tool for Observational Cohort and Cross-sectional Studies 

(NIH) was utilized to assess the quality of cross-sectional 

studies and cohort studies [17], and the Cochrane Risk-of-

Bias Assessment Tool was used for interventional studies 

[18]. The NIH contains 14 items and evaluates the study 

quality through the assessment of the possible sources 

of bias (e.g., selection, information, measurement), con-

founding factors, reporting, and other factors (supplemen-

tary Table S2). Among the 14 items, only 8 are relevant to 

cross-sectional studies [19]. Hence, only 8 out of 14 items 

were applied for cross-sectional studies in our study. For 

each item, a positive response was assigned 1 point, while 

0 points were given to negative or uncertain answers. A 

total quality score was created for the included studies 

by summing scores across each item, with a higher score 

indicating better study quality [19]. For cohort studies, a 

score ≥ 11 out of 14 indicated excellent quality; for cross-

sectional studies, a score ≥ 6 out of 8 points indicated good 

study quality [20].
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Statistical analysis

Meta-analysis

All meta-analyses were carried out in R software using 

the metafor package, and a two-sided p-value < 0.05 was 

regarded as statistically significant. The summarized effect 

size and 95% CI were calculated for studies with the same 

study design and same outcomes, using random effects mod-

els, allowing heterogeneity across studies. There are three 

types of healthy lifestyle score (HLS), including the basic 

summing score (assuming that each factor has an equal 

impact on psychosocial outcomes, and a certain point was 

assigned to participants with or without a healthy lifestyle) 

[21]; the World Cancer Research Fund and the American 

Institute for Cancer Research (WCRF/AICR) score which 

comprises body fatness, physical activity, energy-dense 

foods, plant foods, meat consumption alcoholic drinks, 

and dietary supplements [22]; and the American Cancer 

Society (ACS) score which includes BMI, physical activ-

ity, and the intake of vegetables and fruits, proportion of 

total grains, and red and processed meat [23]. To reduce the 

heterogeneity and improve the comparability across stud-

ies, we reported the results of meta-analyses by different 

types of HLS. Mean differences (MDs) and 95% CIs were 

estimated to show the pooled intervention effects for inter-

ventional studies. The pooled beta coefficient, depicting the 

average increase in outcome scores with per-unit increase 

in the HLS, was calculated for observational studies. When 

studies did not report linear regression results, we calcu-

lated the beta coefficient by the weighted linear regression 

method using the number of survivors in each group or the 

inverse variance as weights, where possible, following pre-

vious studies [19]. If results were provided for patterns of 

HLS, such as 0–2 and 5–6, the midpoints were adopted. 

The HRQOL score was aggregated in three levels. Studies 

that provided an overall HRQOL score were pooled in a 

global HRQOL meta-analysis. For studies without a sum-

mary score, the results were synthesized on a physical and a 

psychosocial component score level, following the dimen-

sions of 36-item versions of the Medical Outcome Study 

Short-Form [24]. For studies that only provided scale scores 

for adopted HRQOL tools (e.g., physical functioning, role 

functioning, social functioning), multiple dependent effect 

sizes, which could reduce the bias in the combined effect 

size, were summarized using the methods proposed by pre-

vious studies [25]. The intercorrelations for HRQOL tools 

were taken from published studies [24, 26]. For the other 

psychosocial outcomes of interest, a meta-analysis was car-

ried out only when there are at least two studies reporting 

the same outcomes with the same tools and the same type of 

HLS. Small study bias (e.g., publication bias) was examined 

by Egger’s test and visualization of funnel plots when at 

least 10 studies were pooled. Heterogeneity was assessed by 

I^2 statistics (ranging from 0 to 100%) and P values for the 

Cochran Q test. According to guidelines from the Cochrane 

Handbook for Systematic Review, I^2 values ranging from 0 

to 40%, 30 to 60%, 50 to 90%, and 75 to 100% were consid-

ered to reveal low, moderate, substantial, and considerable 

heterogeneity, respectively[27].

Summary methods for studies not included 
in the meta-analysis

For studies that met our inclusion criteria but were not 

included in the meta-analysis due to differences in study 

design and outcome measurement tools, we provide a brief 

summary of the findings pertinent to our research question.

Results

Study selection

The study selection process is presented in Fig. 1. Briefly, 

a total of 11,106 items were identified from PubMed, 

Cochrane Library, Web of Science, and EMBASE. After 

removing the duplicates, 8640 titles and abstracts were 

screened. The majority of studies were excluded because 

they were reviews, unrelated to the exposures/interventions 

or outcomes of interest, or were focused on non-cancer indi-

viduals, leaving 73 studies for full-text reading. We further 

excluded 55 studies that either investigated a combination 

of only one or two lifestyles as the exposure or intervention, 

or unrelated to cancer survivors. Additionally, three studies 

were identified by scanning the references of the included 

studies and related reviews. Finally, 21 studies were selected 

for this systematic review and meta-analysis.

Characteristics of included studies

In total, 21 quantitative studies, covering 44,812 cancer sur-

vivors, were included (Table 1). Most studies were published 

within the last decade (n = 16). Fourteen were cross-sec-

tional studies [15, 28–40], five were cohort studies [41–45], 

and two were RCTs [46, 47]. All studies were conducted 

in high-income regions (the USA = 8 [15, 28, 29, 32, 34, 

37, 38, 40], Netherlands = 4 [31, 33, 41, 43], Germany = 2 

[36, 44], the UK = 1 [39], Australia = 2 [46, 47], Canada = 1 

[30], South Korea = 2 [35, 42], China Hong Kong = 1 [45]). 

Of the studies, seven were conducted in colorectal cancer 

survivors [31, 33, 36, 39, 43, 44, 47], six were in mixed 

cancer survivors [28, 29, 32, 37, 40, 46], two were in breast 

cancer survivors [35, 45], two were in bladder cancer survi-

vors [30, 41], and one study was in survivors diagnosed with 

other cancer types (including gastric cancer, cervical cancer, 
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endometrial cancer, and non-Hodgkin lymphoma) [15, 34, 

38, 42]. Ten studies were among survivors diagnosed within 

5 years since diagnosis, 10 studies were on long-term cancer 

survivors (at least 5 years postdiagnosis), and the duration 

since cancer diagnosis was unclear in one study. The sample 

size ranged from 120 to 18,902. The mean age of cancer sur-

vivors at enrollment varied between 32.4 and 78.9 years, and 

the proportion of male survivors ranged from 0 to 80.0%.

Measurements of outcomes

HRQOL was measured by the European Organization for 

the Research, the Treatment of Cancer Quality of Life Ques-

tionnaire-Core 30 (EORTC QLQ-C30, n = 9) [31, 33, 35, 

36, 39, 41, 43–45], the 12-item or the 36-item versions of 

SF (SF-36, n = 6 [32, 34, 37, 38, 46, 47]; SF-12, n = 1 [28]), 

the 10-item Bladder Utility Symptom Scale (BUSS, n = 1) 

[30], the Functional Assessment of Cancer Therapy-Cervi-

cal questionnaire (FACT-Cx, n = 1) [15], and the RAND-36 

Health Status Inventory (RAND-36, n = 1) [40]. Depression 

was ascertained by the Patient Reported Outcomes Meas-

ures Information System (PROMIS, n = 1) [15] and the 

International Classification of Diseases, 10th revision (ICD-

10, n = 1) [42]. Anxiety was assessed using the PROMIS 

(n = 1) [15], PD was defined by the Brief Symptom Inven-

tory (BSI, n = 1) [15], the Patient Health Questionnaire-4 

(PHQ-4, n = 1) [29], and the Hospital Anxiety Depression 

Scale (HADS) [33], and PTSD was assessed with the Post-

traumatic Stress Disorder (PTSD) Checklist-Civilian form 

(PCL-C, n = 1) [34].

Assessment of combined healthy lifestyles

The most common factors in the combined HLS were 

physical activity, diet, body weight, alcohol consump-

tion, and cigarette smoking (Supplementary Table S3). 

Three studies also included sleep and sedentary behavior. 

Seven studies reported the reported WCRF/AICR score 

[31, 33, 35, 37, 41, 43, 45], nine studies reported the basic 

Identification of studies via other methods

Fig. 1  The flowchart of study selection. HRQOL, health-related quality of life
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Table 1  Characteristics of included studies

SF-36, 36-item version of the Medical Outcome Study Short-Form; SF-12, 12-item version of the Medical Outcome Study Short-Form; PHQ-4, Patient Health Questionnaire-4; EORTC QLQ-

C30, European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire-Core 30; HADS, Hospital Anxiety Depression Scale; PROMIS, Patient Reported Out-

comes Measures Information System; BUSS, 10-item,validated Bladder Utility Symptom Scale; ICD-10, International Classification of Diseases, 10th revision; FACT-Cx, Functional Assess-

ment of Cancer Therapy-Cervical questionnaire; PCL-C, Posttraumatic Stress Disorder Checklist-Civilian form; RAND-36, Health Status Inventory; HRQOL, health-related quality of life; 

PTSD, posttraumatic stress disorder; GC, gastric cancer; CRC, colorectal cancer; BC, breast cancer; EC, endometrial cancer; CC, cervical cancer; NHL, non-Hodgkin lymphoma; NMIBC, non-

muscle invasive bladder cancer; MIBC, muscle-invasive bladder cancer; BSI, Brief Symptom Inventory; PD, psychological distress

Author (year) Study design Country Outcomes Outcome scale Cancer type Sample size Mean age, y Male (%) Maximum 

follow-up dura-

tion

Average duration 

post diagnosis, y

Vidra (2023) [41] Cohort Netherlands HRQOL EORTC QLQ-C30 NMIBC 1029 65.9 826 (80) Up to 1.25 years Up to 1.25

Kim (2023) [42] Cohort South Korea Depression ICD 10 GC 18,902 40 + 13,705 (72.5) Up to 4.7 years Unclear

Kenkhuis (2022) [43] Cohort Netherlands HRQOL EORTC QLQ-C30 CRC 396 67.0 270 (68.2) Up to 2 years Up to 2

Eyl-Armbruster (2022) [44] Cohort Germany HRQOL EORTC QLQ-C30 CRC 2283 66.0 1415 (62) 10 years  ≥ 5.0

Lei (2018) [45] Cohort China HRQOL EORTC QLQ-C30 BC 1462 53.7 0 Up to 1.5 years Up to 1.5

Hawkes (2013) [47] RCT Australia HRQOL SF–36 CRC 410 66.4 221 (53.9) 1 year 0.5

Seib (2022) [46] RCT Australia HRQOL SF-36 Mixed 351 53.2 0 24 weeks 1.58

Olson (2023) [28] Cross-sectional USA HRQOL SF-12 Mixed 591 66.0 215 (36.94) NA 1.5

Glasgow (2022) [29] Cross-sectional USA PD PHQ-4 Mixed 856 63.3 376 (43.75) NA 12.29

Zhang (2018) [32] Cross-sectional USA HRQOL SF-36 Mixed 2480 32.4 1,275 (51.4) NA 24.1

Breedveld-Peters (2018) [33] Cross-sectional Netherlands HRQOL

PD

EORTC QLQ-C30

HADS

CRC 155 70.0 91 (63) NA 5.7

Iyer (2016) [15] Cross-sectional USA QOL

Depression

Anxiety

PD

FACT-Cx

PROMIS

BSI

CC 204 43.2 0 NA 1.5

Spector (2015) [34] Cross-sectional USA HRQOL

PTSD

SF-36

PCL-C

NHL 566 67.2 272 (48.1) NA 15.2

Schlesinger (2014) [36] Cross-sectional Germany HRQOL EORTC QLQ-C30 CRC 1389 67.0 702 (50.1) NA 6.0

Inoue-Choi (2013) [37] Cross-sectional USA HRQOL SF–36 Mixed 2193 78.9 0 NA 8.9

Gruenigen (2011) [38] Cross-sectional USA QOL SF–36 EC 120 56.8 0 NA  < 5.0

Grimmett (2011) [39] Cross-sectional UK QOL EORTC QLQ-C30 CRC 478 67.8 284 (59.4) NA  < 5.0

Blanchard (2008) [40] Cross-sectional USA HRQOL RAND-36 Mixed 9105 67.4 3147 (34.6) NA Up to 10

Veen (2019) [31] Cross-sectional Netherlands HRQOL EORTC QLQ-C30 CRC 1096 70.8 635 (58) NA 8.1

Song (2015) [35] Cross-sectional South Korea HRQOL EORTC-QLQ-30 BC 160 51.0 0 NA Unclear

Chung (2020) [30] Cross-sectional Canada HRQOL BUSS MIBC

NMIBC

586 67.3 401 (68.4) NA 3.47
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summing score [15, 29, 30, 36, 38–40, 42, 44], and three 

studies reported the ACS score [32, 34, 35].

Quality of the included studies

The results of the quality assessment are provided in sup-

plementary Tables S4-S5. Four cohort studies were of 

excellent quality. Fourteen cross-sectional studies were 

of good study quality. The main reasons for lower quality 

scores were the following: (1) a participation rate of at 

least 50%; (2) no sample size justification; (3) no clear 

definition of exposures; and (4) non-adjustment for poten-

tial confounding factors.

The quality of the interventional studies was assessed 

using the Cochrane Risk-of-Bias Assessment Tool, and 

the results were presented in supplementary Table S6. 

Overall, one RCT was assessed as “having some con-

cerns” because the intervention group was younger than 

the control group which may lead to an overestimation of 

the interventional effects [47], and one was regarded as 

having “high-risk bias” because there is no mention of 

allocation concealment and the intervention was not blind 

to the participants [46].

Combined healthy lifestyles and quality of life 
among cancer survivors

Of 19 studies that examined the association between com-

bined healthy lifestyle factors and HRQOL, 16 studies 

(2 RCTs, 3 cohorts, and 11 cross-sectional studies) were 

included in the meta-analysis. The evidence from the cross-

sectional studies is summarized in supplementary Fig-

ure S1, and it was shown that there are significant associa-

tions between WCRF/AICR score and overall (beta = 1.13, 

95% CI = 0.49–1.77), physical (beta = 1.86, 95% 

CI = 1.63–2.09, n), and psychosocial HRQOL (beta = 0.65, 

95% CI = 0.13–1.18). However, the meta-analyses of cohort 

studies [41, 43, 45] (2887 survivors) only found a signifi-

cant relationship between WCRF/AICR score and over-

all HRQOL and physical HRQOL, but not psychosocial 

HRQOL. All HLS in cohort studies were calculated follow-

ing WCRF/AICR recommendations. Each one-unit increase 

in WCRF/AICR score was related to 1.47 and 1.42 increase 

in overall HRQOL (beta = 1.47, 95% CI = 0.83–2.12) and 

physical HRQOL (beta = 1.42, 95% CI = 0.19–2.65), respec-

tively (Fig. 2). Although only a small number of participants 

were included in the RCTs (n = 761 survivors) [46, 47], 

the synthesized results also found similar results, with an 

Fig. 2  Meta-analysis on cohort studies examining the association 

between healthy lifestyle score and quality of life. This figure pre-

sents the pooled beta coefficient from cohort studies assessing the 

relationship between a healthy lifestyle score and HRQOL. Each beta 

coefficient represents the average increase in HRQOL scores with 

per-unit increase in the healthy lifestyle score, with 95% confidence 

intervals (CIs) depicted for each study. Heterogeneity across studies 

was assessed using I^2 statistics and P values for the Cochran Q test. 

A positive beta coefficient indicates an improvement in HRQOL with 

higher healthy lifestyle scores. HRQOL, health-related quality of life; 

CI, confidence interval
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improvement in physical HRQOL among cancer survivors 

and no significant effect for psychosocial HRQOL (Fig. 3).

Three studies (1 cohort and 2 cross-sectional studies) 

were not included in the meta-analysis due to the missing of 

a necessary parameter. Of these studies, the cross-sectional 

studies showed that survivors who were engaged in a higher 

number of healthy lifestyles reported better HRQOL [28, 

36]. A cohort study of 2283 long-term colorectal cancer 

survivors examined the associations between the baseline 

score and changes in the HLS and HRQOL. It found that a 

low HLS at baseline was associated with poorer functioning, 

lower global HRQOL, and more symptoms in comparison 

with high baseline HLS, and survivors who improved their 

overall HLS from baseline to 5-year follow-up reported 

better functioning and fewer symptoms [44]. In terms of 

the relationship between changes in the HLS and HRQOL, 

another study also reported that improvement in the adher-

ence to WCRF/AICR recommendations from baseline to 

18-month follow-up after cancer diagnosis was associ-

ated with higher HRQOL scores [45]. However, the results 

from two cohort studies suggested that these associations 

were more likely to be driven by between-subject differ-

ences [41, 43]. A prospective cohort study of 459 colorectal 

cancer survivors collected lifestyle data (including dietary 

intake, body composition, sedentary behavior, and physical 

activity) at 6 weeks, 6, 12, and 24 months posttreatment 

[43]. In that study, a higher HLS was associated with better 

physical functioning and less fatigue in the inter-individual, 

but not the intra-individual analyses [43]. Similar results 

were observed among non-muscle invasive bladder cancer 

survivors in the first 15 months after diagnosis [41].

Combined healthy lifestyles and other psychosocial 
outcomes among cancer survivors

The number of studies that reported on other psychosocial 

outcomes (including depression, anxiety, PD, and PTSD) 

was not sufficient to perform a meta-analysis. Therefore, 

we summarized their findings. Two studies (1 cohort and 

1 cross-sectional study) examined the associations between 

a combination of at least three healthy lifestyle factors and 

depression among cancer survivors. Using the Korean 

National Health Insurance Service databases, a study exam-

ined the effect of multiple healthy lifestyles (including smok-

ing cessation, alcohol abstinence, and starting regular physi-

cal activity) on new-onset depression among 18,902 gastric 

cancer patients and found that the risk of depression tended 

to decline as HLS increased [42]. Compared to the reference 

group (0 point), the HRs and 95% CI for 1 point, 2 points, 

and 3 points groups were 0.69 (0.55–0.83), 0.60 (0.50–0.76), 

Fig. 3  Meta-analysis on interventional studies examining the asso-

ciation between healthy lifestyle score and quality of life. This figure 

presents the pooled effect size (mean difference, MD) from interven-

tional studies examining the impact of multiple lifestyle behavior 

interventions on HRQOL. A positive MD indicates that survivors in 

the intervention group experienced better HRQOL compared to the 

control group. Heterogeneity across studies was assessed using I^2 

statistics and P values for the Cochran Q test. HRQOL, health-related 

quality of life; MD, mean difference; CI, confidence interval
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and 0.55 (0.45–0.68), respectively [42]. In addition, gastric 

survivors who previously had all three unhealthy lifestyles 

but changed to healthier lifestyles experienced a reduced 

depression risk of 50% [42]. A cross-sectional study among 

204 cervical cancer survivors also reported a significant 

association between the number of healthy lifestyle factors 

and depression or anxiety scores [15]. Three cross-sectional 

studies explored the association between the combination of 

at least three lifestyle factors and PD in cancer survivors. A 

cross-sectional study of 856 cancer survivors reported that 

survivors who met the recommendations for seven health 

behaviors experienced improved psychosocial health and 

survivors who met more health behaviors reported lower 

PD [29]. Two studies reported that a higher PD score was 

observed among those who had more unhealthy lifestyle 

factors [15, 33]. A cross-sectional study conducted on 566 

individuals living with a history of non-Hodgkin lymphoma 

found that survivors who met the ACS guidelines regard-

ing physical activity, fruit and vegetable consumption, body 

weight, and tobacco use reported lower PTSD [34]. The beta 

coefficient for survivors who met 4, 3, and 2 healthy lifestyle 

guidelines was − 0.41. − 0.30, and − 0.28, respectively, com-

pared to those who met none of the guidelines [34].

Discussion

In this systematic review and meta-analysis, we summarized 

the findings from 21 publications that investigated the adop-

tion of multiple healthy lifestyles and psychosocial outcomes 

in cancer survivors. Overall, the results suggest that adher-

ence to multiple healthy lifestyle factors is significantly asso-

ciated with better psychosocial outcomes in cross-sectional, 

cohort, and interventional studies.

To the best of our knowledge, our review is the first to 

summarize the evidence on associations between a combina-

tion of at least three lifestyle factors and HRQOL in cancer 

survivors. In general, we found that adherence to multiple 

healthy lifestyles was associated with better HRQOL in both 

observational and interventional studies. Although no review 

has examined the relationship between HLS and HRQOL 

in cancer survivors, the relationships of individual lifestyle 

factors, such as exercise [48], diet [49], and body weight 

[13], with HRQOL are well understood. Using a network 

meta-analysis method, a recent review compared the effects 

of lifestyle/behavioral interventions on HRQOL in breast 

cancer survivors and reported that aerobic-resistance exer-

cise might be the most effective intervention for improv-

ing HRQOL [50]. The effect of physical activity/exercise 

on HRQOL in cancer survivors has been reported in sev-

eral reviews [51, 52]. In addition, a meta-analysis of nine 

experimental studies demonstrated that dietary interven-

tion could significantly improve the overall HRQOL score 

[49]. Reviews on the relationships between a combination 

of two lifestyle factors (mainly physical activity/exercise 

and diet) and HRQOL in cancer survivors reported mixed 

results. A meta-analysis of two RCTs in gynecological 

cancer survivors showed that combined diet, exercise, and 

cognitive behavioral interventions had no significant impact 

on HRQOL [53]. In contrast, a review on exercise/nutri-

tion programs and HRQOL among older adults living with 

and beyond cancer demonstrated that half of the included 

studies indicated a positive association [54]. A recent sys-

tematic review of nine RCTs concluded that a combination 

of physical activity/exercise and diet/nutrition may improve 

the physical but not the mental component of HRQOL in 

cancer survivors [55], which is in line with our results to 

some extent. In our review, the evidence from cohort studies 

and RCTs suggests that combined healthy lifestyles had no 

significant effect on the psychosocial aspect of HRQOL in 

cancer survivors. The reasons for this nonsignificant associa-

tion between multiple healthier lifestyles and psychosocial 

QOL are unclear but might involve the following explana-

tions. First, it is possible that the mental stress associated 

with a cancer diagnosis and its treatment may have reduced 

in the interim period before the start of the investigation. 

For example, the survivors in the two RCTs were recruited 

12 or 19 months after diagnosis [46, 47]. In one RCT, only 

survivors who had completed the cancer treatment were 

included, and the mental health summary score improved 

not only in the intervention group but also in the control 

group [46]. Second, the participants included in the studies 

were relatively healthier and tended to have better baseline 

HRQOL and higher awareness towards healthy lifestyles. 

For instance, in one RCT of colorectal cancer survivors, only 

those who had no metastatic disease and no medical condi-

tions that could affect the adherence to a healthy lifestyle 

were included. The ceiling effects may restrict the ability of 

the authors to detect the differences. Future interventional 

investigations may consider recruiting survivors who have 

unhealthier lifestyles and poor HRQOL. Third, some life-

style factors, such as physical activity, are more important 

than other healthy lifestyles in affecting HRQOL [50, 56]. 

However, the majority of studies assumed that all healthy 

lifestyles have the same impact on HRQOL. This may under-

estimate the effect of these important factors. In addition, the 

interventions may not achieve the expected effects on the 

improvement of these healthy lifestyles. In one RCT, lim-

ited improvements in physical activity were observed in the 

intervention group [47]. The lack of interventional effects on 

healthy lifestyles may also contribute to the nonsignificant 

associations with mental HRQOL.

We also explored the associations of healthier lifestyles 

with other psychosocial outcomes including depression, 

anxiety, PD, and PTSD, but the number of studies is lim-

ited. Results from a cohort study and a cross-sectional 
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study revealed that depression decreased in parallel with 

the increase of healthy lifestyles among cancer survivors 

[15, 42]. Despite the limited evidence, we speculate that 

cancer survivors could benefit from adhering to multiple 

healthy lifestyles to reduce depressive symptoms. Previous 

evidence supports our speculation. For instance, reviews 

have shown that a combination of physical activity and diet 

intervention have protective effects on depression among 

cancer survivors [55]. In addition, a meta-analysis among 

the general population reported that a combination of at 

least three healthy lifestyles was associated with reduced 

depressive symptoms, suggesting the importance of adopt-

ing multiple healthy lifestyles in the prevention of depres-

sion [57]. Our review also revealed a significant relationship 

between combined healthy lifestyle factors and anxiety, PD, 

and PTSD. However, as the results were from only one or 

two low-quality cross-sectional studies, further validation 

of the results using more robust designed studies is needed.

This review comprehensively summarized the evidence 

on the role of combined healthy lifestyle factors in psychoso-

cial health among cancer survivors. It provided meaningful 

insights into the influence of adherence to multiple healthy 

lifestyles on psychosocial outcomes for cancer survivorship. 

By using systematic review and meta-analysis methods, this 

review could also identify the directions for future research. 

For example, very few longitudinal studies were identified 

in the current review, and the outcomes measurement scales 

used varied across studies. More longitudinal studies and 

intervention trials, with validated study designs and consist-

ent measurement tools for psychosocial outcomes among 

cancer survivors, are warranted.

However, this review has several limitations. The main 

limitation is the limited number of studies with appropriate 

data for certain psychosocial outcomes (e.g., depression and 

anxiety) among cancer survivors, restricting our ability to 

perform a meta-analysis of these outcomes. Additionally, 

due to the differences in study designs and outcome scales, 

and the missing of necessary parameters, not all included 

publications could be meta-analyzed. Nevertheless, we pro-

vided a summary narrative that distilled important insights 

into these associations. Second, most of the included studies 

were cross-sectional, and the number of high-quality cohort 

studies and RCTs was small. This could limit the causal 

inference in our review because healthy lifestyle behaviors 

and psychosocial outcomes, such as HRQOL, might mutu-

ally affect one another [58]. Third, there was heterogeneity 

across studies for some results, which could be explained 

by the different characteristics of the study populations 

(e.g., age, cancer types, and cancer stages), diverse study 

methodology (e.g., outcome measurement tools, follow-up 

periods, and adjusted confounding factors), the various com-

ponents of lifestyle factors, and different scoring methods 

used to calculate the HLS. Two main types of HLS, the basic 

summing score and the WCRF/AICR score, were summa-

rized in the current review. Both are unweighted, assuming 

that each lifestyle factor contributes equally and additively 

to the outcomes. Despite this, these scores have notable 

strengths. The basic summing score is straightforward to cal-

culate, making it easy to communicate with patients in clini-

cal practices. The WCRF/AICR score is developed through a 

comprehensive literature review of available data. It includes 

two versions: the 2007 and 2018 WCRF/AICR scores [59, 

60], with the latter one being an update of the earlier one. 

The 2018 WCRF/AICR provides a standard scoring system, 

created through the collaboration of the US National Cancer 

Institute, the members of WCRF/AICR, and other interna-

tional researchers. Although the WCRF/AICR score does 

not address certain major cancer risk factors, such as smok-

ing and abdominal adiposity, future investigations using 

this new scoring system may lead to more robust findings. 

Fourth, the included studies were mainly from high-income 

countries, and the results should be interpreted with caution 

when generalizing to other countries. Finally, despite our 

efforts to find unpublished results, the number of studies 

involved in all pooled analyses was less than ten; thus, the 

estimation of publication bias was not conducted.

Conclusions

In conclusion, this systematic review and meta-analysis indi-

cated that adherence to multiple healthy lifestyles is associ-

ated with better psychosocial outcomes among cancer sur-

vivors. Although the number of included studies was small, 

the findings highlight the potential benefits of adhering to 

an overall healthy lifestyle for better HRQOL, and lower 

depression, anxiety, PD, and PTSD in participants living 

with a cancer diagnosis. Future investigations, especially 

cohort studies and RCTs with rigorous study designs, con-

sistent measurements of psychosocial outcomes, and com-

parable overall healthy lifestyle scoring systems are needed 

to provide more robust evidence.
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