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Abstract

Objective: Long-term information on lifestyle changes among prostate survivors is

lacking. In this nationwide, population-based study we investigated the prevalence of

lifestyle changes, factors associated with lifestyle changes and associations between

lifestyle changes and general quality of life.

Methods: All men registered in the National Prostate Cancer Register of Sweden

diagnosed in 2008 with low-risk prostate cancer at age 70 years or younger were

sent a questionnaire. Logistic regression was used to calculate odds ratios (ORs) with

95% confidence intervals for factors potentially associated with lifestyle change.

Results: Out of 1288, 1720 men (75%) were responded. A total of 279 (22%) reported

a positive lifestyle change regarding diet or exercise. Poor functional outcomes after

treatment was associated with exercising less (OR 1.6, 95% CI 1.2-2.1) and less interest

in social activities and relationships (OR 1.8, 95% CI 1.5-2.1). Men who exercised more

(OR 7.9, 95% CI 4.4-14) and men who had an increased interest in relationships and

social activities (OR 5.2, 95% CI 2.1-13) reported higher general quality of life.

Conclusions: A considerable proportion of men reported making positive lifestyle

changes after the prostate cancer diagnosis. The time after diagnosis may be a teach-

able moment that facilitates lifestyle interventions. Poor functional outcomes after

treatment may reduce the willingness to engage in positive lifestyle change, which

need be considered when supporting men after treatment. Men who made a positive

lifestyle change, regardless of whether it was exercise or regarding relationships and

social activities more often reported a high level of general quality of life.
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1 | BACKGROUND

Lifestyle changes after a cancer diagnosis, such as adopting a healthier

diet or exercising more, may improve quality of life, as well as reduce

the risks of both cancer recurrence and noncancer mortality.1-5

Further, adequate social support may have positive effects on the

psychological wellbeing of patients.6,7 Evidence suggest that the emo-

tional impact of a cancer diagnosis can be a teachable moment.5 Con-

sidering the long life expectancy of most men with localized prostate

cancer, much can be gained by utilizing the possible teachable
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moments of a prostate cancer diagnosis to make persisting lifestyle

changes.

Results from previous studies indicate that the number of men

who change their lifestyle after diagnosis is relatively low.8-10 How-

ever, population-based information about long-term lifestyle changes

after a prostate cancer diagnosis is lacking, and information about

potential barriers to lifestyle changes, such as poor functional

outcomes after treatment, lack of social support and trouble with

personal finances are scarce.7-9,11,12

As there is increasing evidence for that lifestyle changes improve

several aspects of life after a cancer diagnosis, both physical and psy-

chological, this nationwide population-based study was conducted to

explore self-reported long-term lifestyle changes, and to assess fac-

tors potentially associated with lifestyle changes and general quality

of life among prostate cancer survivors. We aimed to identify influ-

enceable barriers to lifestyle change and to find a possible association

between lifestyle changes and increased quality of life.

2 | METHODS

2.1 | Study design and participants

All men registered in the National Prostate Cancer Register of Sweden

(NPCR) as being diagnosed in 2008 with low-risk prostate cancer at age

70 years or younger, who had a radical prostatectomy, radiotherapy, or

active surveillance as primary treatment, and were still alive in 2015 were

included. The capture rate of the NPCR is >96% compared with the

national cancer registry, to which physicians are required to report all

cancer cases according to Swedish legislation.13 We selected men diag-

nosed in 2008 to assess long-term sustainability of any lifestyle changes.

Low-risk disease was defined as Gleason score 6, prostate-specific

antigen (PSA) < 10 ng/mL, and clinical stage T1-2, Nx/N0, Mx/M0.

Participants were invited by a letter, in which we presented the

study, its purpose, that it was completely voluntary and that no identi-

fying information would be collected. A study-specific questionnaire

was sent to the participants, with an addressed and stamped envelope

included. An individual code to fill out the questionnaire online was

also included as an option. Between February and October 2015,

1720 men were invited. A research assistant contacted all men who

failed to return the questionnaire via telephone and sent a second

questionnaire to those who agreed.

Men who returned the questionnaire was regarded as having pro-

vided informed consent. The Regional Ethical Review Board at Uppsala

University approved of the study (approval number 2014/278).

2.2 | Questionnaire design

Our questionnaire has been previously described.14 It consisted of

49 study-specific questions and the Expanded Prostate Cancer Index

Composite 26 (EPIC-26).15 The study-specific questions explored mental

symptoms, general quality of life, lifestyle changes, overall satisfaction

with care at the time of diagnosis and at follow-up, socio-demographics,

smoking habits, alcohol consumption, physical activity, medical treat-

ments, concurrent diseases (Charlson Comorbidity Index),16 and if they

suffered from depression and/or any other mental disorder (Data S1).

Potential lifestyle changes were assessed by the question: “Has

your prostate cancer diagnosis influenced your lifestyle in any way,

and if so, in what areas?” Men had the possibility to grade the follow-

ing areas: “Type of food” as “I eat less healthy,” “Unchanged” or “I eat

healthier”; “Exercise” as “I exercise less,” “Unchanged” or “I exercise

more”; “Interest in religion/philosophy” and “Interest in social activi-

ties/relationships” as “Less,” “Unchanged” or “More.” The question

“How has your prostate cancer affected your economic situation?”

could be answered as “Impaired,” “Unchanged” or “Improved.”

General quality of life was assessed on a seven-point visual digital

scale by the question “The past four weeks, how was your quality of

life?” with answers graded from 1 “No quality of life,” to 7 “Best possi-

ble quality of life.” One and two was assessed as low intensity, three

to five as moderate, and six and seven as high intensity.

EPIC-26 is a validated instrument designed to assess health-related

quality of life (HRQoL) specific to functional outcomes after prostate

cancer treatment. A score is calculated from several questions specific

to five domains of which we use four (urinary incontinence, urinary irri-

tative/obstructive, sexual and bowel function). The score ranges from

0 to 100, with 100 representing the best possible pelvic organ function.

An EPIC-26 score of less than 80 was considered having poor HRQoL

in that specific domain (referred to as “poor functional outcomes after

treatment” in the abstract, introduction and discussion).17

2.3 | Data collection, analysis and statistical
analysis

We assembled the questionnaire responses and cancer characteristics

data from the NPCR in a database. Differences between responders and

nonresponders were analyzed. Lifestyle changes were divided into four

domains; food, exercise, social activities/relationships and religion/philos-

ophy according to our main outcome question. We defined “I eat

healthier,” “I exercise more” and an increased interest in social activities/

relationships and religion/philosophy as being positive lifestyle changes

although this is subjective. Possible factors associated with lifestyle

changes and potential confounders were defined using directed acyclic

graphs.18,19 We defined factors potentially associated with lifestyle

changes as personal finances, treatment, and side effects from treatment.

Potential confounders were defined as age, education, marital status and

Charlson Comorbidity Index (CCI). Logistic regression and ordinal logistic

regression were used for multivariable analysis. We analyzed each

domain adjusting for age, education, marital status and CCI. Odds ratios

with 95% confidence interval were calculated for the probability of

making lifestyle changes, based on the factors described above.

Missing data for covariables were handled using multiple imputa-

tions based on the method of chained equations.20 Five imputation

data sets were created. Up to 4 % of the covariables were imputed.

No outcomes were imputed.
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3 | RESULTS

3.1 | Patient characteristics

Seventy-five percent (n = 1288) of the 1720 invited men responded.

Mean age at diagnosis was 63 years (range 40-70). Among

responders, 393 (30.5%) had a university education, 1068 (82.9%)

were married or had a domestic partner, 1003 (77.9%) were retired

and 210 (16.3%) had a CCI of more than two. Curative treatment was

reported by 1075 (83.5%) men and high general quality of life by

684 (53.1%) men. A negative impact of the prostate cancer diagnosis

on personal finances was reported by 55 men (4.3%) (Table 1).

Men who responded were on average 1 year older, had a higher

T-stage and higher PSA at diagnosis. They were more likely to have

received immediate curative treatment compared to nonresponders

(data from the NPCR).

TABLE 1 Demographics, potential factors associated with lifestyle changes and quality of life divided by whether the men made a positive
lifestyle change or not

Levels All
Positive lifestyle
change

No lifestyle
change Missing

n(%) 1288 (100.0) 303 (23.5) 820 (63.7) 165 (12.8)

Age, n (range) 63 (59-66) 62 (59-65) 63 (59–66) 64 (60-67)

Marital status n(%) Married or

domestic partner

1068 (82.9) 257 (84.8) 681 (83.0) 130 (78.8)

Other 199 (15.5) 42 (13.9) 128 (15.6) 29 (17.6)

Missing 21 (1.6) 4 (1.3) 11 (1.3) 6 (3.6)

Occupation, n(%) Not retired 285 (22.1) 76 (25.1) 167 (20.4) 42 (25.5)

Retired 1003 (77.9) 227 (74.9) 653 (79.6) 123 (74.5)

Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Education level, n(%) Compulsory school 351 (27.3) 63 (20.8) 235 (28.7) 53 (32.1)

Upper secondary school 513 (39.8) 129 (42.6) 324 (39.5) 60 (36.4)

University 393 (30.5) 106 (35.0) 246 (30.0) 41 (24.8)

Missing 31 (2.4) 5 (1.7) 15 (1.8) 11 (6.7)

Charlson comorbidity index, n(%) 0 411 (31.9) 75 (24.8) 276 (33.7) 60 (36.4)

1 438 (34.0) 121 (39.9) 279 (34.0) 38 (23.0)

2 229 (17.8) 52 (17.2) 146 (17.8) 31 (18.8)

>2 210 (16.3) 55 (18.2) 119 (14.5) 36 (21.8)

Urinary incontinence,

EPIC-26 score

Median (IQR) 94 (65-100) 97 (61-100) 94 (67-100) 81 (52-100)

Missing, n(%) 194 (15.1) 33 (10.9) 90 (11.0) 71 (43.0)

Irritative and obstructive,

EPIC-26 score

Median (IQR) 88 (75-100) 88 (75–100) 88 (75–100) 88 (75-100)

Missing, n(%) 265 (20.6) 51 (16.8) 142 (17.3) 72 (43.6)

Bowel, EPIC-26 score Median (IQR) 100 (88-100) 96 (83-100) 100 (88–100) 100 (96-100)

Missing, n(%) 319 (24.8) 68 (22.4) 169 (20.6) 82 (49.7)

Sexual, EPIC-26 score Median (IQR) 32 (8-62) 36 (12-62) 30 (8–62) 32 (7-57)

Missing, n(%) 300 (23.3) 58 (19.1) 172 (21.0) 70 (42.4)

Financial situation, n(%) Impaired 55 (4.3) 19 (6.3) 29 (3.5) 7 (4.2)

Unchanged 1161 (90.1) 281 (92.7) 780 (95.1) 100 (60.6)

Improved 1 (0.1) 1 (0.3) 0 (0.0) 0 (0.0)

Missing 71 (5.5) 2 (0.7) 11 (1.3) 58 (35.2)

Treatment, n(%) Active surveillance 213 (16.5) 57 (18.8) 126 (15.4) 30 (18.2)

Radical prostatectomy 830 (64.4) 182 (60.1) 543 (66.2) 105 (63.6)

Radiotherapy 245 (19.0) 64 (21.1) 151 (18.4) 30 (18.2)

Quality of life, n(%) Low (1–2) 21 (1.6) 7 (2.3) 13 (1.6) 1 (0.6)

Intermediate (3–5) 533 (41.4) 120 (39.6) 335 (40.9) 78 (47.3)

High (6–7) 684 (53.1) 166 (54.8) 444 (54.1) 74 (44.8)

Missing 50 (3.9) 10 (3.3) 28 (3.4) 12 (7.3)

Abbreviations: EPIC-26, The Expanded Prostate Cancer Index Composite 26 item short form version; IQR, interquartile range.

BERGENGREN ET AL. 1715



3.2 | Lifestyle changes

In all, 303 (24%) stated that they had made some kind of positive life-

style change; 279 (22%) that they had improved their lifestyle in terms

of diet and/or exercise, 184 (14%) reported that they had a healthier

diet, and 189 (15%) that they exercised more; 33 (2.6%) reported

more interest in religion and philosophy and 26 (2.0%) more interest

in social activities and relationships. Negative lifestyle changes were

reported by 159 men (12%); 2 (0.2%) reported that they had a less

healthy diet, 47 (3.6%) that they exercised less, 23 (1.8%) that they

were less interested in religion and philosophy, and 118 (9.2%) that

they were less interested in social activities and relationships

(Table 2).

3.3 | Factors associated with lifestyle changes

Poor HRQoL specific to functional outcomes after treatment, regardless

of whether it was in the form of urinary incontinence (OR 3.5, 95% CI

1.0-12), urinary irritative/obstructive symptoms (OR 2.5, 95% CI

1.6-3.8), sexual (OR 2.2, 95% CI 1.4-3.3) or bowel related (OR 2.0, 95%

CI 1.4-3.0), were associated with less interest in relationships/social

activities (Figure 1).

Poor HRQoL from two or more domains specific to functional

outcomes after treatment was associated with exercising less (OR 1.6,

95% CI 1.2-2.1) and being less interested in social activities/relation-

ships (OR 1.8, 95% CI 1.5-2.1) compared to men with changes in one

or no domains (data not shown).

Men treated with radical prostatectomy exercised less (OR 0.64,

95% CI 0.43-0.98) and where more likely to decrease their interest in

relationships and social activities (OR 2.74, 95% CI 1.33-5.64)

(Figure 1).

The number of men who changed religious or philosophical views

was too small to allow analysis of factors associated with these

changes (Table 2).

TABLE 2 Lifestyle changes in the domains of food, exercise,
social activities/relationships and religion/philosophy

All

n (%) 1288 (100.0)

Food, n(%) I eat less healthy 2 (0.2)

Unchanged 958 (74.4)

I eat healthier 184 (14.3)

Missing 144 (11.2)

Exercise, n(%) I exercise less 47 (3.6)

Unchanged 917 (71.2)

I exercise more 189 (14.7)

Missing 135 (10.5)

Religion/philosophy,

n(%)

Less interested 23 (1.8)

Unchanged 1091 (84.7)

More interested 33 (2.6)

Missing 141 (10.9)

Social activities/

relationships, n(%)

Less interested 118 (9.2)

Unchanged 1022 (79.3)

More interested 26 (2.0)

Missing 122 (9.5)

F IGURE 1 Forest plot illustrating factors potentially associated with lifestyle changes. Odds ratio shows the probability of making a lifestyle
change. An EPIC-26 score < 80 indicate a poor functional outcome after treatment. Adjusted for age, work status, education and Charlson
Comorbidity Index. EPIC-26, The Expanded Prostate Cancer Index Composite 26 item short form version; Ref, reference
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We found no notable changes in our results when we adjusted

for marital status and socioeconomic status (data not shown).

3.4 | Lifestyle change and general quality of life

Men who exercised more (OR 7.9, 95% CI 4.4-14) and men who

reported an increased interest in relationships and social activities

(OR 5.2, 95% CI 2.1-13) were more likely to report higher general

quality of life.

The relationship between lifestyle changes and general quality of

life is shown as a box plot (Figure 2).

4 | DISCUSSION

In this population-based study of men with localized prostate cancer,

a considerable proportion, about one fifth, reported lasting, positive,

lifestyle changes without the aid of any structured intervention. This

indicates that a prostate cancer diagnosis in itself might be a teachable

moment, which could enhance the effects of lifestyle interventions.

Men who experienced poor functional outcomes after treatment

exercised less and were less interested in relationships and social

activities which emphasizes the importance of active rehabilitation

and support for prostate cancer survivors. Additionally, men who

reported making a lasting, positive lifestyle change (more exercise or

an increased interested in relationships and social activities) reported

a higher general quality of life.

We consider the number of men who reported changing their life-

style to be of clinical importance. This finding likely mirrors the impact

that the diagnosis in itself has as a teachable moment since the study is

population-based and not the result of a structured intervention. Our

results are consistent with the results of a recently published study by

Hughes et al8 on diet and exercise among long-term prostate cancer

survivors. We both found that about one fifth of the men reported

changing their diet, physical exercise or both. However, they conclude

that few men change their habits. Although a modest number of men,

we consider the finding to be clinically relevant, particularly as these

men changed their lifestyle in the absence of a structured intervention,

and that interventions aimed at changing the lifestyle are generally

effective.21 To give perspective, our results can be compared with a

large population-based study of lifestyle changes within 2 years after a

type 2 diabetes diagnosis among 888 Australians with a median age of

62 years22: With the exception of smoking cessation, no notable life-

style changes were reported, suggesting that a cancer diagnosis affects

lifestyle more than a diagnosis of type 2 diabetes.

A poor functional outcome after treatment for prostate cancer

can affect everyday life and erectile dysfunction, urinary leakage and

bowel problems are relatively common.23 Symptoms such as urinary

leakage could make exercise or engaging in social activities more diffi-

cult, thus working as a barrier toward lifestyle changes. In our popula-

tion, men with poor functional outcomes after treatment exercised

less and were less interested in relationships and social activities.

Additionally, men treated with radical prostatectomy also reported

exercising less and being less interested in relationships and social

activities, likely due to poor functional outcomes in this group. These

findings are supported by a recent study by Stone et al11 showing that

men with urinary incontinence after prostate cancer treatment were

less likely to start with physical activity. It emphasizes the importance

of pelvic floor training before and after a radical prostatectomy to

reduce the risk of urinary incontinence.24-26 Although the possibility

of future lifestyle change is not the primary concern when choosing

F IGURE 2 Bar chart illustrating percentage of lifestyle changes among men who rated their quality of life as low (1-2), moderate (3-5) or
high (6-7)
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treatment, it is still an important factor to take into consideration and

yet another reason for choosing active surveillance when possible.

Previous research indicate that social support may have positive

effects on the psychological wellbeing of patients and that men with

lower socioeconomic status might suffer more from a prostate cancer

diagnosis.6,7,27 In our population neither social support in terms of marital

status nor socioeconomic status affected whether the men made and

sustained a lifestyle change. This might be related to that the vast major-

ity of the men in our study were married and already retired from work.

Hospitalization and absence from work, as well as reduced work

capacity after treatment may affect personal finances negatively. It

can be speculated that a negative financial impact induces the need to

manage costs, for example by managing food expenses and cutting

back on social activities. However, in our cohort of men, many of

whom were already retired and treated in a mainly public health-care

system, the number of men who reported any impact of their prostate

cancer diagnosis on personal finances was small. Among the few men

(4%) who did report an impact on personal finances, almost all

reported a negative impact and only one man reported an improve-

ment. The number of men who reported a financial impact was too

small to allow for any conclusions about the relationship between per-

sonal finances and lifestyle changes (Table 1). A British qualitative

study on patients with breast, lung or prostate cancer by Timmons

et al12 found that some patients had to make adjustments to cope

financially after they received their diagnosis, predominately those

who had an employment at the time of diagnosis, lacked social

support, and/or had a low income or few savings.

Lifestyle changes may, in addition to reducing cancer recurrence and

mortality, improve the general quality of life which further highlights the

importance of endorsing lifestyle changes. In our population, men who

had made a positive lifestyle change, regardless of whether it was exer-

cise or relationships/social activities more often reported a high level of

general quality of life. In our study, the questions about quality of life

concerned the past 4 weeks and the question on lifestyle changes the

past 7 years, so it is possible that the improvement in general quality of

life was a consequence of the lifestyle changes. This finding is supported

by Farris et al28 showing that recreational physical activity in prostate

cancer survivors was associated with a higher quality of life. In 2015,

Kassianos et al published a systematic review on quality of life and die-

tary changes among cancer patients. They found evidence linking dietary

changes to improved quality of life, however, the results among the

reviewed articles were mixed and other important factors influencing

quality of life likely plays a significant role.29 In their study, cancers

associated with favorable prognosis, such as prostate cancer, seemed to

benefit more from lifestyle changes in terms of improved quality of life.

5 | CONCLUSIONS

5.1 | Study limitations

The main strengths of this study include the population-based design,

the high response rate for a study of its kind and the study-specific

questionnaire including the direct question on lifestyle change. This

was a cross-sectional study and may therefore be less reliable than a

study with a longitudinal survey design would have been. As the ques-

tionnaire was distributed 7 years after diagnosis, the men's recollec-

tion of their experiences might have changed. Our study is also

limited to Swedish men, these findings might not be generalizable to

other cultural and health-care settings. All men in this study had a

low-risk disease. Men diagnosed with low-risk prostate cancer are

generally healthy and might therefor already have a healthy lifestyle,

thus a lower incentive to change their lifestyle which might affect our

results.

5.2 | Clinical implications

A considerable proportion of men make and sustain positive lifestyle

changes after a prostate cancer diagnosis. It is notable that most of

them do so without any structured intervention. The prostate cancer

diagnosis may induce a particularly teachable moment that enhances

the effects of specific lifestyle interventions. Considering the increas-

ing evidence for that lifestyle changes improves quality of life, reduce

the risk of cancer recurrence, and prolong survival, more efforts

should be made to stimulate a healthier lifestyle among men with a

recent prostate cancer diagnosis. Our results suggest that poor func-

tional outcomes after treatment reduce the willingness to engage in

positive lifestyle change, which need be considered when supporting

men after treatment.
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