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Abstract

A key challenge in lifestyle interventions is long-term maintenance of favorable lifestyle

changes. Middle-aged and older adults are important target groups. The purpose of this

analysis was to investigate changes in adiposity, physical activity, cardiometabolic risk fac-

tors, diet, physical capacity, and well-being, in inactive middle-aged and older women and

men with obesity and elevated cardiovascular disease risk, participating in an interdisciplin-

ary single-arm complex lifestyle intervention pilot study. Participants were recruited from the

population-based Tromsø Study 2015–2016 with inclusion criteria age 55–74 years, body

mass index (BMI)�30kg/m2, sedentary lifestyle, no prior myocardial infarction and elevated

cardiovascular risk. Participants (11 men and 5 women aged 57–74 years) underwent a 6-

month intervention of two 1-hour group-sessions per week with instructor-led gradually

intensified exercise (endurance and strength), one individual and three 2-hour group coun-

selling sessions with nutritionist (Nordic Nutrition Recommendations) and psychologist

(Implementation intention strategies). We investigated changes in adiposity (weight, BMI,

body composition, waist circumference), physical activity (self-reported and via physical

activity trackers), cardiometabolic risk factors (blood pressure, HbA1c, blood lipids), diet

(intake of energy, nutrients, foods), physical capacity (aerobic capacity, muscle strength),

and psychological well-being, measured at baseline and end-of-intervention, using mean-

comparison paired t-tests. Further, we investigated self-reported healthy lifestyle mainte-

nance six months after end-of-intervention, and monthly changes in daily step count, moder-

ate-to-vigorous physical activity (MVPA) and total energy expenditure. From baseline to

end-of-intervention, there was a mean decrease in weight, BMI, fat mass, waist circumfer-

ence, intake of total- and saturated fat, and increase in lean mass, lateral pulldown and leg

press. We detected no changes in mean levels of physical activity, cardiometabolic risk
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factors or well-being. Six months after end-of-intervention, 25% responded healthy lifestyle

achievement and maintenance, while objectively measured physical activity remained

unchanged. The results are useful for development of a protocol for a full-scale trial.

Trial registration: The study was registered at www.ClinicalTrials.gov registry

(NCT03807323).

Introduction

Obesity, today a worldwide epidemic, is a preventable condition caused by an imbalance

between energy consumed, i.e. dietary intake, and energy expended, i.e. physical activity [1,2].

Physical inactivity is one of the leading risk factors for death worldwide, and 1 in 3 adults in

high-income countries are insufficiently physically active [3]. Improvements in physical activ-

ity levels and dietary habits, leading to weight loss and reduced disease risk, can be achieved by

successful lifestyle interventions [2]. However, people frequently return to baseline physical

activity levels and weight after end-of-intervention. Thus, a key challenge is long-term mainte-

nance of lifestyle changes [2,4–7], often defined by keeping the attained physical activity level

[4] or weight loss [5] after intervention, typically for at least one year [5,7].

Life expectancy is increasing, and the world’s population is ageing [8], thus, middle-aged

and older adults are important target groups for long-term maintenance of lifestyle interven-

tions, including improvements in physical activity levels [9]. Lifestyle interventions typically

consist of one or several elements such as exercise, dietary restrictions and/or psychological

interventions. Combinations of intervention elements lead to increased long-term weight loss

[10]. Although lifestyle interventions are shown to be safe and effective in middle-aged and

older adults [11–14], few complex lifestyle interventions target this group [11,12].

The purpose of this analysis was to investigate changes in adiposity, physical activity, cardi-

ometabolic risk factors, diet, aerobic capacity, muscle strength, and psychological well-being,

in inactive middle-aged and older women and men with obesity and elevated cardiovascular

risk, participating in a complex lifestyle intervention pilot and feasibility study. Our long-term

aim is to develop and test a complex lifestyle intervention, the RESTART (Re-inventing Strate-

gies for healthy Ageing; Recommendations and Tools) trial, to investigate maintenance of

improvements in physical activity and adiposity in middle-aged and older adults.

Materials and methods

Design

The study was designed as a multi-factorial, interdisciplinary, mixed-methods, single-arm

exploratory study of a complex lifestyle intervention. Assessment of feasibility (i.e. recruit-

ment, data collection, intervention, responsiveness, adherence and adverse events) and partici-

pant experiences are described elsewhere [15,16]. Study method details are found in the study

protocol (S1 Appendix).

Sample and setting

Tromsø, the largest municipality in Northern Norway (population 76,000) is situated above

the Arctic Circle at 69˚N and has large seasonal variations in weather conditions and daylight

with a dark season (November-January) and midnight sun (May-July) period. Study partici-

pants were recruited of the population-based Tromsø Study [17], from a randomly selected
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sample who had previously participated in the seventh survey (Tromsø 7, 2015–2016). In

Tromsø 7, all inhabitants aged 40 years or older were invited, of which 21,083 women and

men aged 40–99 years participated (attendance 65%) [18]. Inclusion criteria for the current

study were; age 55–74 years, body mass index (BMI)�30kg/m2, self-reported physical activity

level inactive as defined by the Saltin and Grimby questionnaire [19], no prior myocardial

infarction, and elevated 10-year risk of incident cardiovascular disease risk as defined by NOR-

RISK2 [20]. After invitation of a randomly selected sample from Tromsø 7 (N = 75, 76% men)

and initial screening (n = 20 responded, i.e. 27%) including telephone interviews (n = 4

excluded), clinical examinations and physical function tests, a final sample of 11 men and 5

women aged 57–74 years were included (Fig 1). As described elsewhere [16], the final sample

did not differ from the non-responders except for lower smoking prevalence.

Ethics approval and consent. The study was approved by the Regional Committee of

Medical and Health Research Ethics (REC North reference 2017/1100). The participants gave

written informed consent.

Trial registration. The study was registered at the www.ClinicalTrials.gov registry

(NCT03807323).

Intervention

All participants underwent a 6-month intervention of two 1-hour group sessions per week

with instructor-led gradually intensified exercise (focusing on endurance (bicycle spinning)

and strength, balance and flexibility (bodyweight/dumbbells exercises, resistance training)),

one 1-hour individual and three 2-hour group counselling sessions with nutritionist (focussing

on general and practical food knowledge, shopping and cooking based on the Nordic Nutri-

tion Recommendations (NNR) [21]) and three 2-hour group counselling sessions with a psy-

chologist (implementing and teaching a behavioural self-regulation strategy; Implementation

Intentions [22]). Details on the study intervention are described elsewhere [15,16]. Adherence

to all components of the intervention was high, of which mean attendance for the twice-a-

week exercise sessions was 70% [15]. Study start was 25th of September 2017, intervention

period October 2017 –March 2018, with follow-up to 4th of October 2018.

Outcome measures

Primary outcomes included improvement in adiposity and physical activity level at end-of-inter-

vention, and maintenance of healthy lifestyle and physical activity levels six months after end-of-

intervention. Secondary outcomes included improvement in cardiometabolic risk factors, diet,

aerobic capacity, muscle strength, and psychological well-being, at end-of-intervention.

Assessment

All outcome measurements were performed at one week before start-of-intervention (base-

line) and one week after intervention end (end-of-intervention) with standard methods, by

trained personnel. Furthermore, six months after end-of-intervention (end-of-follow-up), i.e.

12 months after baseline, information on healthy lifestyle achievement and maintenance (open

question: “Did you form new habits, and did you keep them?”) were obtained from individual

semi-structured in-depth qualitative follow-up interviews aimed to explore participant experi-

ences. Details about the method and results from the qualitative interviews used in this study

are described elsewhere [16]. In addition, daily accelerometer-measured physical activity was

obtained from a consumer-based physical activity tracker from baseline, throughout the inter-

vention to end-of-follow-up. Details of about the method and results from use of the activity

tracker are described elsewhere [16]. Demographic data on marital status (cohabitant yes/no)
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and educational level (university/university college education yes/no) were collected via ques-

tionnaire. Baseline examination was performed in September 2017, end-of-intervention in

March 2018, and end-of follow-up September 2018.

Adiposity. Adiposity was assessed as body weight, BMI (body weight in kilograms (kg)

divided by body height in meters squared (m)2), waist circumference measured in centimetres

(cm) at the umbilical level with a measuring tape, and body fat and lean mass percentage

Fig 1. CONSORT flowchart (modified to fit a non-randomized pilot study). The RESTART pilot study 2017–18.

https://doi.org/10.1371/journal.pone.0256631.g001
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measured by dual-energy X-ray (Lunar GE Prodigy Advance, GE Medical Systems, USA).

Weight satisfaction (“Are you satisfied with your current weight?”), ideal weight (“What is your
ideal weight?”) was assessed via questionnaire.

Physical activity. Self-reported physical activity level (“Reading, TV watching or other sed-
entary activity” (inactive), “Walking, cycling, or other forms of exercise at least 4 hours per week”
(light), “Participation in recreational sports, heavy gardening, etc at least 4 hours per week”
(moderate), “Participation in intensive exercise or competitive sports regularly several times a
week” (vigorous)) was measured with the Saltin and Grimby leisure-time physical activity

questionnaire [19], and sitting by a slight modification (hours/weekday, hours/weekend day)

of the International Physical Activity Questionnaire (IPAQ) [23] were collected via question-

naire. In addition, participants were asked to continuously wear a Polar M430 (Polar Electro

Oy, Finland) physical activity tracker watch on their non-dominant wrist, from baseline,

throughout the intervention period, to six months after end-of-intervention, totalling 12

months of physical activity monitoring. Daily physical activity data including step count steps/

day, moderate-to-vigorous physical activity (MVPA) minutes (min)/day and total energy

expenditure kilocalories (kcal)/day, were synchronised and collected from smart phones. The

activity tracker was used for continuous objective physical activity monitoring and not as an

intervention element, therefore the Polar M430 user-feedback messages were disabled. Details

of the use of the activity tracker in this study are described elsewhere [16].

Cardiometabolic risk factors. Systolic and diastolic blood pressure were measured on the

right upper arm with a properly sized cuff three times with one-minute intervals after two

minutes rest using an oscillometric digital automatic device (Dinamap ProCare 300 monitor,

GE Healthcare, Norway), of which the mean of the two last readings was used in the analysis.

Non-fasting blood samples were processed immediately after collection and analysed for

HbA1c and total-, low-density lipoprotein (LDL)- and high-density lipoprotein (HDL) choles-

terol. All blood sample analyses were performed at the Department of Laboratory Medicine at

the University Hospital of North Norway (ISO certification NS-EN ISO 15189). Smoking sta-

tus (current/former/never smoker) was assessed via questionnaire.

Diet. Data on food intake were collected via a previously validated food frequency ques-

tionnaire (FFQ) [24]. From the FFQ, total energy intake, percentage of total energy intake (E

%) for energy-providing nutrients (fat, saturated fat, protein, carbohydrates, sugar, alcohol,

and gram (g) for fibre), food (g/day for selected main food groups including vegetables, fruit

and berries, fish and shellfish, cakes, sweets and sugar) and alcohol (g/day) intake were calcu-

lated using Kostberegningssystemet (KBS version 7.3, University of Oslo, Norway), which is

based on the Norwegian food composition tables from 2014 and 2015 [25].

Aerobic capacity and muscle strength. Resting heart rate (beats/min) was measured

three times with one-minute intervals after two minutes rest with an oscillometric digital auto-

matic device (Dinamap ProCare 300 monitor, GE Healthcare, Norway). The third measure-

ment was used in the analysis. Physical exercise capacity was assessed as VO2peak (millilitre

(ml)/min/kg and litre (L)/min) measured during walking/running on a treadmill (Woodway

GmbH, weil am Rhein, Germany) according to the test protocol by Rognmo et al [26] using a

chest-worn heart rate monitor (Polar RS400, Polar Oy, Finland) and a face mask connected to

a ergo spirometry system mixing chamber system (Cosmed K5, Cosmed SRL, Italy) positioned

on the participants´ back. The average of the three highest 10-second measurements was set as

VO2peak. Maximal muscular strength was tested as the heaviest weight the participant could

handle during one repetition maximum (1-RM) in three exercises according to the test proto-

col by Kraemer et al [27]. The exercise consisted of 1) 1-RM leg press (Impulse IT7006 45˚

Hack Squat), 2) Seated 1-RM lateral pulldown (Technogym Selection Pro Lat Vertical Trac-

tion), and 3) Seated incline 1-RM chest press (Technogym Pure Strength Incline Chest Press).
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Psychological well-being. Via validated questionnaire tools, we assessed self-efficacy via

General Self-Efficacy Scale [28], self-esteem via Rosenberg’s Self-Esteem Scale [29], satisfaction

with life via Satisfaction With Life Scale [30], symptoms of anxiety and depression via Hopkins

Symptom Checklist-10 [31], and global health on a visual analogue scale similar to EQ-VAS [32].

Analysis

We assessed changes by presentation of mean change with standard deviations (SD), p-values

(significance threshold set at 0.05) and 95% confidence intervals (CI) from paired t-tests or

Wilcoxon matched-pair signed-rank test and interquartile range (25th and 75th percentile) for

continuous variables (normally and non-normally distributed, respectively), and percentages

with numbers for categorical variables without statistical tests. Shapiro-Wilk test and visual

examination of histograms were performed to assess normality in continuous variables (mean

change). To account for multiple testing, the false discovery rate was controlled at 0.10 using

the Benjamini–Hochberg procedure. For the self-esteem scale, the initial Cronbach’s alpha

was very low (baseline 0.57, end-of-intervention 0.19). Two items were identified as being

mostly negatively correlated with the remaining items. These items were removed, and the

reported values represent the remaining eight items. In the same scale, one participant had

missing information on item 10, which was replaced with the median of the remaining items

from the same participant. General tendencies in psychological well-being were explored in a

forest plot with CI’s (vertical line representing the null effect), where, to make all well-being

scales comparable, the CI’s of the anxiety and depression scale was reversed, and the global

health scale was scaled down by a factor of 10. Monthly means with CI of steps/day, MVPA

min/day and total energy expenditure kcal/day were explored in graphs, of which baseline

measures was from one week only (the week before intervention start). No power calculation

was performed prior to data collection, as the original aim of the main study was to test the

study feasibility and not the effect of the intervention itself. Due to missing or invalid informa-

tion at either baseline, end-of-intervention or six months after end-of-intervention, data from

one or more participants were excluded prior to analysis. However, to investigate study feasi-

bility [15] we aimed to enroll minimum 12 participants (actual size of an exercise intervention

sub-group in a full-scale trial). Thus, also for the current analysis, an a priori minimum num-

ber of participants (participants with complete data from both baseline and end-of-interven-

tion, or end-of-intervention to end-of-follow-up, respectively) was set to 12 participants. No

criteria for adherence to the intervention elements were used in the analyses. Statistical analy-

ses were performed per protocol using Stata version 16 (StataCorp. 2019. Stata Statistical Soft-

ware: College Station, TX, StataCorp LLC).

Results

Baseline characteristics and data completeness

In the final sample of 11 men and 5 women, median age was 65 years, 60% had tertiary educa-

tion, 19% were smokers, 20% had hypertension, 50% had hypercholesterolemia and 100%

reported to be were unsatisfied with their current body weight (Table 1).

Data at baseline were complete with the following exceptions; self-reported physical activity

(n = 2), smoking (n = 1), anxiety/depression (n = 2), self-reported health (n = 2), weight satis-

faction and ideal weight (n = 3), VO2peak (n = 1), lateral pulldown (n = 1), self-efficacy (n = 2),

self-esteem (n = 2), satisfaction with life (n = 2), anxiety/depression (n = 2) and global health

(n = 4). Data at end-of-intervention were complete with the following exceptions; self-reported

physical activity (n = 1), weight satisfaction and ideal weight (n = 1), blood pressure (n = 1),

diet (n = 1), VO2peak (n = 2), chest press (n = 1), lateral pulldown (n = 1) and leg press (n = 2).
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Complete data (defined as� 10 hours of wear time/day) from daily physical activity trackers

were available for all participants up to end-of-intervention, thereafter, we lacked information

from two participants for the further six months of follow-up. Complete data from FFQ was

available for 15 participants. All participants completed the end-of-follow up interview. Partic-

ipants with missing information were excluded from the respective analyses prior to analysis.

Due to outlier values (recorded body weight gain of 8.7 kg, >3 times higher than the second

highest weight gain from baseline to end-of-intervention), analyses of change in adiposity

were performed with and without the outlier.

Lifestyle changes from baseline to end-of-intervention

Adiposity and physical activity. From baseline to end-of-intervention, mean body weight

decreased by 2.8 (3.8) kg (95% CI: -4.92, -0.68, p = 0.0135), BMI 1.0 (1.3) kg/m2 (95% CI: -1.68,

-0.28, p = 0.0092), total body fat mass 2.0 (1.8) kg (95% CI: -2.98, -0.98, p = 0.0008), waist cir-

cumference 4.2 (3.4) cm (95% CI: -6.07, -2.33, p = 0.0003) and difference between actual weight

and ideal weight by 4 (3.8) kg (p = 0.0007), while mean total body lean mass increased by 1.9

(1.8) kg (95% CI: -7.01, -2.43, p = 0.0010) (Table 2). Mean percentage weight loss was 2.6%. The

proportion reporting being sedentary decreased from 72% to 33%, self-reported weekday sit-

ting-time decreased (0.0368) and there was a non-significant increase in activity tracker mea-

sured daily number of steps, minutes in MVPA and total energy expenditure (Table 3).

Cardiometabolic risk factors, diet, physical capacity and psychological well-being.

From baseline to end-of-intervention there were non-significant changes in blood pressure, blood

lipid levels and HbA1c, and one out of the three baseline smokers quitted smoking (S1 Table).

The mean decrease in intake of total fat was 3.7 (5.6) E% (95% CI: -6.77, -0.60, p = 0.0225) and sat-

urated fat 1.7 (2.1) E% (95%CI: -2.81, -0.52, p = 0.0074) (S2 Table). For intakes of other nutrients

(S2 Table) and foods (S3 Table), there were non-significant changes. The mean increase in

VO2peak was 2.1 (3.3) ml/kg/min (95% CI: 0.14, 4.07, p = 0.0381), 1-RM lateral pulldown 5.4 (4.0)

kg (95% CI: 3.03, 7.68, p = 0.003) and 1-RM leg press 77 (40.7) kg (95% CI: 53.70, 100.62,

p<0.0001) (S4 Table). Following Benjamini–Hochberg adjustment, the change in V02peak related

to body weight was not longer statistically significant. There were no changes in resting heart rate

or chest press. There were non-significant changes in self-esteem, self-efficacy, satisfaction with

life, prevalence of symptoms of anxiety or depression, or global health (S5 Table). Descriptively,

all scales indicated better well-being at end-of-intervention compared to baseline (S1 Fig).

Table 1. Participant characteristics at baseline. The RESTART pilot study 2017–18.

Characteristics Baseline

Age, years 66.1 (5.8)

Male sex, % 68.8 (11)

Cohabitant, % 62.5 (10)

University education, % 62.5 (10)

Current daily smoker, % 18.8 (3)

Hypertension, % 18.8 (3)

Hypercholesterolemia, % 50.0 (8)

Weight satisfaction, % 0.0 (0)

Values are mean (standard deviation) or percentage (number).

Hypertension, blood pressure�140/90 mmHg; Hypercholesterolemia, total serum cholesterol � 5.0 mmol/L.

Missing information on smoking: One participant.

Missing information on weight satisfaction: Three participants.

https://doi.org/10.1371/journal.pone.0256631.t001
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Maintenance of healthy lifestyle

Descriptively, monthly means of activity tracker measured daily number of steps, minutes in

MVPA and total energy expenditure fluctuated from baseline (September) to end-of-interven-

tion (March) and further up to end-of-follow-up (September) (Figs 2–4). Lower mean step

count was found in the dark season (November-January) and during seasonal flu months (Jan-

uary-February), and peaked in the main summer holiday month (July). Mean minutes of

MVPA and total energy expenditure followed a somewhat different pattern with initial

increase during the first part of the intervention, but with the same decline in January/Febru-

ary and peak in July. From end-of-intervention to end-of-follow-up there was a non-signifi-

cant increase in activity tracker measured daily minutes in MVPA and total energy

expenditure and decrease in number of steps (Table 4). At the end-of-follow-up interview,

25% of the participants responded that they had achieved favourable lifestyle changes after par-

ticipating in the study, and that they had maintained these lifestyle modifications.

Table 3. Change in physical activity from baseline to end-of-intervention. The RESTART pilot study 2017–18.

Baseline End of intervention 95% CI/p25, p75 P-value�

Steps, count/day 7582 (3591) 7974 (2964) -1727, 2511 0.6987

MVPA, min/day 124 (84) 139 (60) -29.28, 58.40 0.4898

TEE, kcal/day 2795 (695) 2856 (573) -244.25, 345.25 0.6571

MVPA�150 min/week, % 43.8 (7) 43.8 (7) NA NA

Sedentary, % 72 (10) 33 (5) NA NA

Sitting weekday, hours/day 9.7 (3.6) 7.7 (2.9) -4.5, -1.0 0.0368

Sitting weekend, hours/day 7.8 (3.0) 6.7 (2.1) -2.6, 0.5 0.1618

Values are means (standard deviations) or percentage (number) and confidence intervals or 25th and 75th percentiles for difference between measurements.

CI, confidence interval; p25, 25th percentile; p75, 75th percentile; MVPA: Moderate-vigorous physical activity; TEE, Total energy expenditure; kcal, kilocalories.

Steps, MVPA and total energy expenditure measured with Polar M430 physical activity tracker.

Sedentary, Leisure-time physical activity level as defined by the Saltin & Grimby questionnaire.

Sitting, Sitting as defined by a modified version of the International Physical Activity Questionnaire.

�Paired t-test or Wilcoxon matched-pair singed rank test for difference between baseline and end of intervention values.

Missing information on self-reported physical activity level: Two participants at baseline, one participant at end-of-intervention.

https://doi.org/10.1371/journal.pone.0256631.t003

Table 2. Change in adiposity from baseline to end-of-intervention. The RESTART pilot study 2017–18.

Baseline End of intervention 95% CI P-value� P-value��

Body weight, kg 106.2 (14.9) 103.4 (14.2) -4.92, -0.68 0.0135 0.0962

Body mass index, kg/m2 35.7 (5.5) 34.7 (5.0) -1.68, -0.28 0.0092 0.1144

Body fat mass, % 40.2 (6.5) 38.2 (6.3) -2.98, -0.98 0.0008 0.0021

Body lean mass, % 56.9 (6.2) 58.8 (5.9) 0.92, 2.92 0.0010 0.0020

Waist circumference, cm 117.7 (11.9) 113.5 (12.0) -6.07, -2.33 0.0003 0.0008

Weight satisfaction, % 0 (0) 20 (3) NA NA NA

Actual vs ideal weight, kg 25.6 (16.4) 20.9 (15.3) -7.01, -2.43 0.0007 0.0007

Values are means (standard deviations) or percentages (numbers) and confidence intervals for difference between measurements.

CI, confidence interval; Actual vs ideal weight, difference between measured weight and self-reported ideal weight in kilograms.

�Paired t-test for difference between baseline and end of intervention values. One participant was removed before analysis due to outlier values.

��Paired t-test for differences between baseline and end of intervention values with outlier included.

Missing information on weight satisfaction: Three participants at baseline, one participant at end-of-intervention.

Missing information on ideal weight: Three participants.

https://doi.org/10.1371/journal.pone.0256631.t002
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Dots are monthly mean number of steps per day, vertical lines are corresponding confi-

dence intervals. The horizontal line represents the baseline mean.

Dots are monthly mean minutes (min) of moderate-to-vigorous physical activity (MVPA)

per day, vertical lines are corresponding confidence intervals. The horizontal line represents

the baseline mean.

Dots are monthly mean total energy expenditure in kilocalories (kcal) per day vertical lines

are corresponding confidence intervals. The horizontal line represents the baseline mean.

Discussion

From baseline to end-of-intervention, we found favourable changes in the primary outcome

adiposity (all measures) and in the secondary outcomes physical capacity (lateral pulldown

and leg press) and diet (total and saturated fat intake), but non-significant minor changes in

the primary outcome physical activity. At end-of-follow-up, objectively measured physical

activity remained unchanged compared to end-of-intervention, and one in four participants

responded having achieved and maintained a new healthy lifestyle.

Meta-analyses and systematic review studies examining the effect of various lifestyle inter-

ventions in middle-aged and older participants have found successful weight loss [10–12], and

Fig 2. Monthly mean daily step count from baseline to end-of-follow-up. The RESTART pilot study 2017–18.

https://doi.org/10.1371/journal.pone.0256631.g002
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increase in objectively measured physical activity [9] or reduction in sedentary behaviour [13].

Less consistent effects are observed for cardiometabolic risk factors [12], physical capacity

[12], diet [10], and psychological well-being [12], which is in line with our findings.

The lack of increase in objectively measured physical activity in the present study contrasts

findings in other studies including a review study of older adults [9], and may have several

explanations. Firstly, we cannot rule out that participants may have increased their physical

activity at baseline screening due to measurement awareness and/or social desirability. Fur-

thermore, the observed decrease in numbers of steps, and increase in MVPA minutes per day

throughout the intervention and to end-of-follow-up may reflect a shift from light physical

activity (mainly walking) to MVPA (including bicycle spinning during intervention). Wrist

worn accelerometers do not capture well physical activity on a bicycle [33], especially when

using stationary bikes [34]. Another factor is seasonal weather variation including icy or

snowy streets that limit outdoor walking from October to April in Tromsø, as well as the sea-

sonal flu in January-February, both which in part may explain the observed decrease in steps

in these periods. Seasonal variation in physical activity including lower prevalence of walking

and higher total energy expenditure in winter have previously been described in high-preci-

sion accelerometer data from a cross-sectional study in a large free-living population [34]. For

Fig 3. Monthly mean daily minutes in moderate-to-vigorous physical activity from baseline to end-of-follow-up. The RESTART pilot study 2017–18.

https://doi.org/10.1371/journal.pone.0256631.g003
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a full-scale trial, adaptations may be needed to suit local needs and preferences [35]. The lack

of increase in objectively measured physical activity contrasts the decrease in adiposity and

Fig 4. Monthly mean daily total energy expenditure from baseline to end-of-follow-up. The RESTART pilot study 2017–18.

https://doi.org/10.1371/journal.pone.0256631.g004

Table 4. Change in physical activity from end-of-intervention to end-of-follow-up, and prevalence of healthy lifestyle achievement and maintenance at end-of-fol-

low-up. The RESTART pilot study 2017–18.

End of intervention End of follow-up 95% CI/p25, p75 P-value�

Steps, count/day 7666 (2869) 7546 (3085) -874, 583 0.5936

MVPA, min/day 143 (64) 153 (72) -15.8, 35.1 0.4275

TEE, kcal/day 2928 (524) 2960 (601) -108.0, 105.0 0.6602

MVPA�150 min/week, % 50 (7) 50 (7) NA NA

Healthy lifestyle, % NA 25 (4) NA NA

Values are means (standard deviations), or percentages (number) and confidence intervals or 25th and 75th percentiles for difference between measurements.

CI, confidence interval; p25, 25th percentile; p75, 75th percentile; MVPA, Moderate-vigorous physical activity, TEE, Total energy expenditure; kcal: Kilocalories.

Healthy lifestyle, Self-reported achievement and maintenance of healthy lifestyle from individual semi-structured qualitative follow-up interview.

Steps, MVPA and total energy expenditure measured with Polar M430 physical activity tracker.

�Paired t-test or Wilcoxon matched-pair singed rank test for difference between end of intervention and end of follow up values.

Missing information from physical activity tracker: Two participants.

https://doi.org/10.1371/journal.pone.0256631.t004
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increase in endurance, strength and self-reported physical activity with high adherence to the

exercise sessions. This inconsistency may reflect that we did not capture a possible shift in

physical activity pattern over time in this sample. A recent systematic review and meta-analysis

of randomized controlled exercise trials in older adults [14] found no studies using objectively

measured physical activity to investigate long-term changes in physical activity levels (defined

as six months or more). Thus, we cannot compare these findings with other studies.

The observed decrease in adiposity and fat intake accompanied with increase in lean mass

(i.e. muscle mass) and weight satisfaction along with improvements in aerobic capacity and

muscle strength indicate that participants achieved favourable lifestyle changes, although

within the lower end of clinical significance. Further, a subsample reported that they had

maintained life style changes at 12 months. A meta-analysis have shown that combinations of

intervention elements lead to larger intervention effects [10]. Thus, the dietary changes could

be an effect of the minimal nutrition intervention, but could also be a health behaviour effect

of participating in a complex intervention, as with the finding of one of the three smokers quit-

ting smoking. Validated standardised methods were used to measure effects. Nevertheless, we

cannot rule out that the observed change in aerobic capacity and muscle strength may partly

be explained by test familiarisation in a sample of inactive participants.

Psychological well-being measures as self-efficacy, self-esteem, satisfaction with life, symp-

toms of anxiety and depression, or global health remained largely unchanged. This finding

indicate that the intervention did not have negative psychological effects, although regular

exercise was challenging and potentially stressful as the participants were confronted with

health- or body-related deficits during the intervention. To the contrary, albeit not statistically

significant, all measures indicate a change into the direction of higher well-being. A review

study of weight-loss interventions and psychological well-being including measures of self-

esteem, symptoms of depression, body image and health-related quality of life among adults

up to the age of 65 years [36] showed consistent improvements in psychological outcomes

with and sometimes also without weight-loss. However, few weight-loss interventions studies

investigated psychological well-being as a primary outcome, and the relationship between

weight-loss and psychological outcomes needs further investigation [36].

There is a need for studies investigating long-term effects of lifestyle interventions in mid-

dle-aged and older adults. A recent review study [37] found that the effects in scaled-up obesity

interventions were typically 75% or less of the effects reported in pre–scale-up efficacy trials.

Meta-analysis and review studies of lifestyle intervention effects in older adults report overall

low methodological quality and scarcity in studies of complex interventions [12,13]. It is there-

fore important to conduct high-quality pilot- and feasibility studies among older adults prior

to full-scale trials. In this pilot and feasibility study, our study sample consisting of middle-

aged and older adults underwent a minimal-to-moderate dietary- and psychology interven-

tion, and a resource-demanding exercise intervention. Lessons learned from analyzing study

feasibility [15] and effect of study regimen (the current analysis), are that a full-scale rando-

mised controlled trial is safe and feasible, but needs refinement and improvement of interven-

tion elements and measurement methods.

Strengths and limitations

This analysis has several limitations. The aim of the main study was to pilot the study regimen

and evaluate study feasibility and not the effect of the intervention elements as such. Thus, the

small sample size, cases with missing data, and lack of a priori power calculations for the stud-

ied outcomes, are major limitations for this analysis. Also, the low inclusion proportion may

be associated with selection of highly motivated participants, which is likely to influence the
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results. Therefore, although our results in general are in line with previous findings, we are

careful drawing conclusions based on our findings alone. A potential limitation is the use of

data from a consumer-based activity tracker without openly available information about how

participant’s outcomes are estimated. However, this is a limitation of most consumer based

activity trackers. Another limitation is the lack of follow-up data on objective measures of adi-

posity, to study maintenance of weight loss. However, in-depth data from qualitative inter-

views on achievement and maintenance of a healthy lifestyle one year after baseline were

available for all participants. An extended follow-up period beyond the 6 months after inter-

vention would have been ideal, as long-term follow-as is typically defined as one year [5,12].

Finally, test familiarisation cannot be ruled out, although we used validated and standardised

methods to measure intervention effects.

A strength of the study was the high participant adherence. Hence, it was possible to study

multiple outcomes after a complex intervention including several components, performed in a

previously scarcely studied sub-group, using standard validated methods. Another strength

was the possibility to follow-up participants with detailed daily information from an activity

tracker on several components of physical activity levels. The activity tracker showed high

adherence and low-to-moderate participant burden, as described elsewhere [16]. The use of

follow-up physical activity data collected by consumer-based activity trackers can be limited

by lack of validation against research-based accelerometers, and here we have questioned

whether a shift in physical activity patterns possibly can be left undetected. However, in a pre-

viously published validation study comparing the PolarM430 (used in the current study) with

ActiGraph wGT3X-BT, we found PolarM430 to provide valid measures of total energy expen-

diture and, although overestimating steps and MVPA, having acceptable properties for moni-

toring physical activity [38].

Conclusions

In this analysis of intervention effects in a pilot study, we observed a decrease in adiposity, and

fat intake, and increase in strength, but no change in physical activity, cardiometabolic risk fac-

tors, other dietary factors or well-being. Further, six months after end-of-intervention, 25%

responded to have achieved and maintained a healthy lifestyle. The observed decrease in adi-

posity and increase in strength but lack of statistically significant changes in physical activity

may indicate a shift in physical activity pattern over time that we were insufficiently able to

measure by the long-term use of an activity tracker. There is no evidence that the demanding

intervention had negative effects on psychological well-being. Together with the findings from

the analysis of the study feasibility, and supported by findings in previous studies, these results

are useful for development of a protocol for a full-scale trial.
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