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Summary
Background Remote digital health interventions to enhance physical activity provide a potential solution to improve 
the sedentary behaviour, physical inactivity, and poor health-related quality of life that are typical of chronic conditions, 
particularly for people with chronic kidney disease. However, there is a need for high-quality evidence to support 
implementation in clinical practice. The Kidney BEAM trial evaluated the clinical effect of a 12-week physical activity 
digital health intervention on health-related quality of life. 

Methods In a single-blind, randomised controlled trial conducted at 11 centres in the UK, adult participants (aged 
≥18 years) with chronic kidney disease were recruited and randomly assigned (1:1) to the Kidney BEAM physical 
activity digital health intervention or a waiting list control group. Randomisation was performed with a web-based 
system, in randomly permuted blocks of six. Outcome assessors were masked to treatment allocation. The primary 
outcome was the difference in the Kidney Disease Quality of Life Short Form version 1.3 Mental Component Summary 
(KDQoL-SF1.3 MCS) between baseline and 12 weeks. The trial was powered to detect a clinically meaningful difference 
of 3 arbitrary units (AU) in KDQoL-SF1.3 MCS. Outcomes were analysed by an intention-to-treat approach using an 
analysis of covariance model, with baseline measures and age as covariates. The trial was registered with 
ClinicalTrials.gov, NCT04872933.

Findings Between May 6, 2021, and Oct 30, 2022, 1102 individuals were assessed for eligibility, of whom 340 participants 
were enrolled and randomly assigned to the Kidney BEAM intervention group (n=173) or the waiting list control 
group (n=167). 268 participants completed the trial (112 in the Kidney BEAM group and 156 in the waiting list control 
group). All 340 randomly assigned participants were included in the intention-to treat population. At 12 weeks, there 
was a significant improvement in KDQoL-SF.13 MCS score in the Kidney BEAM group (from mean 44·6 AU 
[SD 10·8] at baseline to 47·0 AU [10·6] at 12 weeks) compared with the waiting list control group (from 46·1 AU 
[10·5] to 45·0 AU [10·1]; between-group difference of 3·1 AU [95% CI 1·8–4·4]; p<0·0001). 

Interpretation The Kidney BEAM physical activity platform is an efficacious digital health intervention to improve 
mental health-related quality of life in patients with chronic kidney disease. These findings could facilitate the 
incorporation of remote digital health interventions into clinical practice and offer a potential intervention worthy of 
investigation in other chronic conditions.

Funding Kidney Research UK.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 
license.

Introduction
Globally, 28% of adults are insufficiently active.1 Sedentary 
behaviour will lead to 500 million new cases of non-
communicable disease before 2030,1 and will continue to 
impact negatively on mental health and health-related 
quality of life (HRQoL).2–4 Chronic kidney disease is 
common and affects more than 10% of the general 
population worldwide;5 those affected are at particular 

risk of sedentarism and physical inactivity. In people with 
chronic kidney disease, physical inactivity exacerbates an 
already increased mortality risk,6 accelerates disease 
progression,7 and leads to poorer HRQoL. Of note, 
patient-reported outcomes, which include HRQoL and 
symptoms such as fatigue, have been highlighted by 
people with chronic kidney disease as being more 
important than clinical outcomes, such as mortality.8  

http://crossmark.crossref.org/dialog/?doi=10.1016/S2589-7500(23)00204-2&domain=pdf
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Consequently, interventions to enhance physical 
activity, mental health, and HRQoL are of global interest, 
and are even more crucial given the emotional distress 
and increased risk of poor mental health resulting from 
the COVID-19 pandemic.9 The pandemic particularly 
affected people with chronic kidney disease, many of 
whom are clinically extremely vulnerable and were forced 
to self-isolate. The need to combat sedentarism and 
physical inactivity is recognised in disease-specific guide-
lines,10–12 which recommend increasing physical activity 
levels for people with chronic kidney disease. However, 
unlike other long-term conditions, people with chronic 
kidney disease are not routinely counselled about 
physical activity as part of patient care,13 and global policy-
related barriers restrict access to exercise provision and 
exacerbate health inequality.14 

Few large clinical trials have been published examining 
lifestyle interventions in chronic kidney disease popu-
lations.10,15 Meta-analyses report that existing exercise 
studies have a high risk of bias and have uncertain effects 
on HRQoL, particularly mental health.16 Furthermore, 
studies that have evaluated delivery of exercise inter-
ventions in outpatient settings have not demon strated 
cost-effectiveness.17 Encouragingly, when positive effects of 
exercise on HRQoL have been demonstrated, interventions 
have often included an at-home delivery model (as opposed 

to outpatient clinics).18,19 Importantly, previous research 
suggests a need for patient choice within lifestyle 
interventions to facilitate good patient engagement.17,20

Remote digital health interventions that deliver 
evidence-based physical activity interventions provide a 
potential solution for the sedentary behaviour and physical 
inactivity of people with chronic kidney disease and can be 
offered to a diverse patient population at scale.1 Despite 
increased interest in virtual chronic kidney disease care,21 
there is insufficient high-quality evidence for digital health 
interventions to guide clinical practice.22,23 This is a major 
obstacle to improving the lives of people with chronic 
kidney disease and, without high-quality randomised 
controlled trials, digital health interventions will be 
difficult to implement. The Kidney BEAM multicentre 
randomised controlled trial investi gated a novel digital 
health intervention delivery approach.24 The findings are 
of particular importance for people with chronic kidney 
disease but might also be of relevance to those with other 
long-term conditions for which physical inactivity, poor 
mental health, and reduced HRQoL remain challenges.

Methods 
Study design 
Kidney BEAM was a multicentre, randomised, single-
blind, controlled waiting list trial conducted to assess the 

Research in context

Evidence before this study
Patient-reported outcomes, which include health-related 
quality of life (HRQoL) and symptoms such as fatigue, were 
highlighted by people with chronic kidney disease as being 
more important than clinical outcomes. Despite guidelines 
suggesting that all people with chronic kidney disease should 
be encouraged to do physical activity, people with chronic 
kidney disease remain too sedentary, and previous clinical trials 
of lifestyle interventions in people with chronic kidney disease 
have not often shown an impact of physical activity on HRQoL. 
We searched PubMed between Jan 1, 1990, and May 31, 2023, 
for original research or review articles published in English using 
the search terms “chronic kidney disease” AND “physical 
activity” OR “exercise’ AND “digital health”. The search returned 
21 articles. After reviewing abstracts, we did not identify any 
original research articles evaluating a physical activity or 
exercise training digital health intervention for people living 
with chronic kidney disease. Although physical activity digital 
health interventions might provide a solution to the sedentary 
behaviour of people with chronic kidney disease, high-quality 
evidence is required before these can be implemented into 
clinical practice. 

Added value of this study
To the best of our knowledge, the Kidney BEAM trial is the only 
robust clinical trial to evaluate a physical activity digital health 
intervention for people with chronic kidney disease. Our 

findings indicate that the Kidney BEAM intervention resulted in 
significant and clinically important effects on HRQoL when 
compared with usual care. Specifically, the Kidney BEAM 
intervention was effective for the primary outcome of mental 
health-related quality of life and the related secondary 
outcomes of physical function, symptom burden, social 
interaction, anxiety or depression, and patient activation. There 
was no significant change in physical health-related quality of 
life, physical activity levels, work and social adjustment scores, 
or clinical measures as a result of the intervention. Unlike 
previous lifestyle intervention trials in this population, the 
digital health intervention is practically implementable and 
successfully targets mental health. 

Implications of all the available evidence
A physical activity digital health intervention provides more 
treatment options to improve HRQoL, enabling greater patient 
choice and reducing health inequality, while remaining aligned 
with prudent health-care principles. Our findings suggest that 
in people with chronic kidney disease, Kidney BEAM is a 
practically implementable lifestyle intervention that can 
improve the care of people living with chronic kidney disease, 
a population at particular risk of sedentarism and associated 
health risks. The intervention is also suitable for national and 
international scale-up, and therefore offers a viable model to be 
adapted for use globally in other chronic conditions associated 
with sedentarism and poor physical and mental health.
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effectiveness of a physical activity digital health 
intervention on HRQoL in patients with chronic kidney 
disease recruited from 11 hospitals in the UK. The trial 
design, protocol, and baseline characteristics of the 
patients have been published previously.24 The trial 
protocol was approved by the UK Bromley Research Ethics 
Committee at King’s College Hospital NHS Trust (London, 
UK). The trial was designed and overseen by a trial 
steering committee and a data monitoring committee. 

Participants 
Adults (aged ≥18 years) with established chronic kidney 
disease (including those receiving kidney replacement 
therapy) who could access a digital health intervention 
(digital device and WiFi connectivity) were eligible for 
enrolment and were recruited from outpatient centres. 
Centres were selected to ensure the population was 
geographically repre sentative of the chronic kidney 
disease population, with centres included from all regions 
of England, UK. Potential participants were screened by 
their clinical team, and clinical records reviewed to 
confirm eligibility. Suitable adults were approached in 
person during routine clinic visits, or via telephone, by 
trained research staff. Participants were excluded if they 
self-reported participation in a structured exercise 
programme or had used a physical activity digital health 
intervention platform within the previous 3 months; had 
persistent uncontrolled hypertension; had unstable 
angina; or had peripheral vascular or musculo skeletal 
disease that prevented them from undertaking a physical 
activity intervention. A complete list of the inclusion and 
exclusion criteria was published previously.24 All partici-
pants provided written informed consent. 

Randomisation and masking 
Participants were randomly assigned in a 1:1 ratio to the 
Kidney BEAM intervention group or the waiting list control 
group (usual care). Randomisation was per formed with the 
use of a web-based system, in randomly permuted blocks 
of six. Randomisation and treatment allocation were 
performed by an independent member of the research 
team and the allocation list was stored in a password-
protected database. Given the nature of the intervention, it 
was not possible to mask the health-care professionals 
providing the programme or the part icipants. Outcome 
assessors were, however, masked to treatment allocation. 
The statistical analysis plan24 was developed a priori by an 
independent statistician and approved by the trial steering 
committee. Data entry and quality assurance was 
undertaken by data entry clerks who were unaware of 
treatment allocation. Data cleaning and analysis of the 
primary outcome was conducted by the independent 
statistician who was unaware of treatment allocation. 

Procedures
The trial interventions have been described in detail 
elsewhere.24 In brief, the Kidney BEAM intervention is a 

digitally delivered physical activity intervention that was 
co-designed with people living with chronic kidney disease. 
The intervention comprises both live sessions and a pre-
recorded, on-demand kidney rehabilitation programme, 
provided by specialist kidney physical therapists as a 
rolling 12-week programme. Each session includes a 
10-min warm up and cool down, consisting of general 
upper and lower limb mobility and stretching, 20–30 min 
of moderate intensity aerobic and resistance exercise 
training, delivered in a standing and a seated position, and 
15 min of disease-specific education on a weekly basis. 
Each participant was encouraged to accumulate 150 min 
per week of moderate intensity aerobic activity or 75 min 
per week of vigorous activity, and to do muscle resistance 
training on 2 days of the week. A physiotherapy assistant, 
trained in motivational interviewing, encouraged partici-
pants on a weekly basis via telephone or email to achieve 
these targets. Participants who were allocated to the 
waiting list control group did not participate in a structured 
exercise programme but were invited to use BEAM after 
their involvement in the trial. Usual care did not include 
routine delivery of any type of physical activity inter-
vention. Adherence was recorded as the percentage of 
Kidney BEAM exercise sessions and percentage of 
education sessions completed out of the total prescribed 
for the 12-week follow-up period. 

Outcomes 
The primary outcome was the difference in the Kidney 
Disease Quality of Life Short Form version 1.3 Mental 
Component Summary (KDQoL-SF1.3 MCS) between 
baseline and 12 weeks. This patient-reported outcome 
was selected after consultation with the trial’s patient and 
public involvement panel, is supported more widely by 
the views of people with chronic kidney disease,8 and is 
theoretically justified by the reported association between 
physical activity, mental health, and HRQoL.2–4 Secondary 
outcomes were the difference between baseline and 
12 weeks in: the KDQoL-SF1.3 Physical Component Score 
(PCS) and other subscales, European Quality of Life 5 
Dimensions 5 Levels (EQ-5D-5L) questionnaire 
(converted to EQ-5D-3L to allow comparison with UK 
normative data),25 physical function (60-s sit-to-stand 
test), fatigue (Chalder Fatigue Scale), patient activation 
(Patient Activation Measure-13, PAM-13), physical activity 
(Global Physical Activity Questionnaire), depression and 
anxiety (Patient Health Questionnaire-4, PHQ-4), 
impaired functioning (Work and Social Adjustment 
Score), body mass, haemoglobin, estimated glomerular 
filtration rate, and a qualitative exploration of participant 
experience. All outcome measures were chosen as valid 
and reliable tools to measure the primary and secondary 
outcomes in this patient population.24 The 60-s sit-to-
stand test outcome was assessed via video conference by a 
research assistant. All patient-reported outcome measures 
were completed via an online survey. Health economic 
data were also obtained to be evaluated at 6 months. The 

For more on the Kidney BEAM 
intervention see www.
kidneybeam.com

www.kidneybeam.com
www.kidneybeam.com
www.kidneybeam.com
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qualitative and health economic analyses are not included 
in this report. Safety outcomes were based on reporting of 
adverse events as per Medical Dictionary for Regulatory 
Activities (version 22.0) classification. An independent 
data monitoring committee oversaw trial safety.

Statistical analysis 
The trial was designed to detect a clinically meaningful and 
statistically significant difference of 3 arbitrary units (AU) 
in KDQoL-SF1.3 MCS score between groups at 12 weeks.26 
An estimated sample size of 106 participants in each group 
(total n=212), based on an MCS with a mean of 45 AU 
(SD 10) and correlation between repeated measures of 0·7, 
would allow a clinically meaningful difference of 3 AU to 
be detected at 80% power and α of 5%. 340 patients were 
included to allow for 30% dropout and to ensure power for 
secondary outcomes. The baseline characteristics were 
described using summary statistics.24 Primary and second-
ary outcomes were analysed with an analysis of covariance 

model, with baseline data and age as covariates. 
Independence of covariates and approximated normality of 
residuals were confirmed for all analyses. All analyses were 
performed in the intention-to-treat population using a last 
obser vation carried forward (LOCF) approach to missing 
data because this gives the most conservative result. The 
results from the LOCF analysis for the primary outcome 
were compared with those from a multiple imputation 
sensitivity analysis using pooled results from five linear 
regression imputations. Per-protocol analyses were also 
completed, in which only cases with observations at both 
baseline and week 12 were included, to assess efficacy 
under ideal conditions. Two-sided p values of less than 0·05 

Figure 1: Trial profile

173 assigned to Kidney BEAM 
intervention

61 discontinued treatment
 31 patient time commitments 
  or other reasons
 16 medical reasons reported by 
  patient
 8 medical reasons reported by 
  clinician
 6 lost to follow-up

1102 patients assessed for eligibility

381 enrolled

340 randomly assigned

721 not enrolled
262 declined due to time constraints
253 unable to contact
151 medically unfit

21 involved in structured exercise in last 3 months
19 no device or WiFi connection
15 unable to consent or complete questionnaires 

in English

41 declined due to time constraints

167 assigned to waiting list 
control

112 assessed at 12 weeks 156 assessed at 12 weeks

173 included in intention-to-treat 
analysis

167 included in intention-to-treat 
analysis

11 discontinued treatment
 4 patient time commitments 
  or other reasons
 2 medical reasons reported by 
  patient
 1 medical reason reported by 
  clinician
 4 lost to follow-up

Total 
(n=340)

Kidney 
BEAM group 
(n=173)

Waiting list 
control 
group 
(n=167)

Age, years 53·8 (13·5) 53·9 (13·6) 53·8 (13·5)

Sex

Female 155 (46%) 77 (45%) 78 (47%)

Male 185 (54%) 96 (55%) 89 (53%)

Ethnicity

n 339 173 166

Black 39 (11%) 20 (12%) 19 (11%)

White 254 (75%) 127 (73%) 127 (77%)

Asian 39 (11%) 22 (13%) 17 (10%)

Biracial 7 (2%) 4 (2%) 3 (2%)

BMI, kg/m² 

n 327 165 162

Median (IQR) 28·4 
(24·8–33·3)

27·9 
(24·7–33·4)

28·8 
(24·9–33·0)

Smoking 

n 339 172 167

Current 16 (5%) 5 (3%) 11 (7%)

Former 130 (38%) 77 (45%) 53 (32%)

Never 193 (57%) 90 (52%) 103 (62%)

Alcohol consumption*

n 339 172 167

More than recommended 26 (8%) 14 (8%) 12 (7%)

Less than recommended 174 (51%) 89 (52%) 85 (51%)

Non-drinker 139 (41%) 69 (40%) 70 (42%)

Blood pressure, mm Hg

n 307 154 153

Systolic blood pressure 136·5 (18·4) 135·3 (19·3) 137·8 (17·5)

Diastolic blood pressure 79·7 (10·7) 78·6 (11·1) 80·7 (10·2)

Resting heart rate, beats per min

n 207 103 104

Mean (SD) 77·6 (14·7) 77·8 (14·6) 77·3 (14·8)

Comorbidities

Cerebrovascular accident 8 (2%) 8 (5%) 4 (2%)

Myocardial infarction 8 (2%) 3 (2%) 5 (3%)

Diabetes 76 (22%) 37 (21%) 39 (23%)

Hypertension 235 (69%) 115 (66%) 120 (72%)

(Table 1 continues in next column)
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were considered to indicate statistical significance. Analyses 
were performed with SPSS (version 28). The trial was 
registered with ClinicalTrials.gov, NCT04872933.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Total 
(n=340)

Kidney 
BEAM group 
(n=173)

Waiting list 
control 
group 
(n=167)

(Continued from previous column)

Cause of kidney disease

Diabetic nephropathy 31 (9%) 13 (8%) 18 (11%)

Hypertension 38 (11%) 21 (12%) 17 (10%)

Nephrosclerosis 1 (<1%) 1 (1%) 0

IgA nephropathy 39 (11%) 18 (10%) 21 (13%)

Tubulointerstitial 
nephritis

5 (1%) 2 (1%) 3 (2%)

Polycystic kidney disease 60 (18%) 31 (18%) 29 (17%)

Obstructive nephropathy 7 (2%) 2 (1%) 5 (3%)

Medullary sponge kidney 
disease

0 0 0

Membranous 
nephropathy

5 (1%) 5 (3%) 0

Lupus nephritis 5 (1%) 4 (2%) 1 (1%)

Unknown 65 (19%) 33 (19%) 32 (19%)

Other 84 (25%) 43 (25%) 41 (25%)

Chronic kidney disease stage

n 339 172 167

2 55 (16%) 27 (16%) 28 (17%)

3A 62 (18%) 29 (17%) 33 (20%)

3B 76 (22%) 45 (26%) 31 (19%)

4 67 (20%) 34 (20%) 33 (20%)

5 79 (23%) 37 (22%) 42 (25%)

Treatment modality

Non-dialysis dependent 
kidney disease

160 (47%) 75 (43%) 85 (51%)

Kidney transplant 
recipient

118 (35%) 65 (38%) 53 (32%)

Dialysis therapy 62 (18%) 33 (19%) 29 (17%)

HbA1c, mmol/mol

n 124 64 60

Median (IQR) 39 (35–48) 39 (34–50) 39 (36–47)

Creatinine, µmol/L

n 332 170 162

Median (IQR) 159 
 (106–293)

159  
(109–279)

161  
(106–330)

C-reactive protein, mg/L

n 169 92 77

Median (IQR) 4 (2–9) 3·9 (2–10) 4 (2–9)

Data are mean (SD), n (%), or median (IQR). HbA1c=glycated haemoglobin. 
*Recommended limit is 14 units per week.

Table 1: Baseline demographic data

 n Baseline, 
mean (SD)

Week 12, 
mean (SD)

Mean adjusted 
difference in change 
between groups 
(Kidney BEAM – 
waiting list control), 
mean (95% CI)

p value

Primary outcome

KDQoL-SF1.3 MCS, AU

Kidney BEAM group 172 44·6 (10·8) 47·0 (10·6) 3·1 (1·8 to 4·4) <0·0001

Waiting list control group 166 46·1 (10·5) 45·0(10·1) ·· ··

Secondary outcomes

KDQoL-SF1.3 PCS, AU

Kidney BEAM group 172 40·0 (11·7) 41·1 (11·4) –0·7 (–2·0 to 0·7) 0·35

Waiting list control group 166 41·3 (11·2) 42·9 (11·8) ·· ··

Chalder Fatigue Scale score

Kidney BEAM group 173 16·2 (6·1) 14·4 (6·3) –0·5 (–1·5 to 0·5) 0·33

Waiting list control group 167 15·3 (6·4) 14·3 (6·6) ·· ··

60-s sit-to-stand test, repetitions

Kidney BEAM group 173 22·9 (8·8) 26·3 (10·7) 3·8 (2·6 to 4·9) <0·0001

Waiting list control group 167 23·9 (8·9) 23·5 (9·3) ·· ··

PAM-13 score

Kidney BEAM group 173 63·9 (16·4) 68·2 (17·3) 6·9 (4·9 to 8·8) <0·0001

Waiting list control group 166 67·4 (17·7) 64·2 (16·4) ·· ··

EQ-5D-5L utility score 

Kidney BEAM group 172 0·65 (0·25) 0·67 (0·26) 0·01 (–0·02 to 0·04) 0·64

Waiting list control group 167 0·73 (0·23) 0·72 (0·24) ·· ··

PHQ-4 score

Kidney BEAM group 173 3·2 (3·3) 2·7 (3·1) –0·4 (–0·8 to 0·5) 0·082

Waiting list control group 167 2·4 (2·8) 2·4 (2·9) ·· ··

Work and Social Adjustment Score

Kidney BEAM group 162 12·6 (10·9) 11·7 (10·7) 0·4 (0·8 to 1·7) 0·49

Waiting list control group 160 10·2 (10·4) 9·3 (10·5) ·· ··

GPAQ, MET min per week

Kidney BEAM group 111 3403 (5267) 3136 (4875) 393 (–334 to 1120) 0·29

Waiting list control group 120 3256 (4902) 2676 (3959) ·· ··

GPAQ, physical activity min per day

Kidney BEAM group 111 121·5 (188·1) 112·0 (174·1) 14·0 (–11·9 to 40·0) 0·29

Waiting list control group 120 116·3 (175·0) 95·6 (141·4) ·· ··

KDQoL-SF1.3 burden of kidney disease score, AU

Kidney BEAM group 172 54·9 (31·2) 60·5 (30·9) 3·2 (0·0 to 6·4) 0·049

Waiting list control group 167 64·7 (30·5) 65·8 (30·3) ·· ··

KDQoL-SF1.3 general health score, AU

Kidney BEAM group 171 40·4 (21·7) 42·0 (21·9) –0·8 (–3·4 to 1·8) 0·56

Waiting list control group 166 42·6 (21·7) 44·7 (22·8) ·· ··

KDQoL-SF1.3 social function score, AU

Kidney BEAM group 172 51·5 (27·7) 67·0 (27·5) 4·4 (0·9 to 7·8) 0·013

Waiting list control group 166 64·2 (30·4) 64·8 (28·7) ·· ··

KDQoL-SF1.3 energy or fatigue score, AU

Kidney BEAM group 171 42·5 (21·5) 47·8 (21·7) 7·0 (4·6 to 9·5) <0·0001

Waiting list control group 166 45·0 (23·2) 42·9 (22·7) ·· ··

eGFR, mL/min per 1·73 m²

Kidney BEAM group 165 39·1 (24·1) 38·7 (24·5) –0·2 (–1·3 to 0·9) 0·72

Waiting list control group 158 38·2 (25·0) 38·7 (26·1) ·· ··

(Table 2 continues on next page)



Articles

e28 www.thelancet.com/digital-health   Vol 6   January 2024

Results
Between May 6, 2021, and Oct 30, 2022, we assessed 
1102 patients for eligibility. 721 (65%) patients were not 
enrolled, mainly due to time constraints or not being 
contactable (figure 1). 381 (35%) patients provided 
consent, of whom 340 (31%) patients from 11 centres 
were assessed at baseline and randomly assigned; 
173 (51%) patients were assigned to the Kidney BEAM 
intervention group, and 167 (49%) patients were assigned 
to the waiting list control group. Of these patients, 
268 (78%) patients completed the trial, including 
112 (42%) participants in the intervention group and 
156 (58%) participants in the waiting list control group. 
All 340 participants were included in the intention-to-
treat population. Only 338 participants were included 
when analysing the primary outcome because two 
participants (one in each group) were missing both 
baseline and 12-week data. 

Overall, the two groups were well balanced with respect 
to baseline characteristics (table 1). The proportion of 
participants in the intervention group who had a PAM-13 
score of 1 (disengaged and overwhelmed; 30 [17%] of 166) 
was higher than in the control group (22 [13%] of 173; 
appendix), and the mean PAM-13 score was lower at 
baseline in the intervention group (63·9 [SD 16·4]) than 
in the control group (67·4 [17·7]). The mean EQ-5D-5L 
utility scores were lower in the intervention group (0·65 
[0·25]) than in the control group (0·73 [0·23]), and the 
mean PHQ-4 scores for the intervention group were 
higher (3·2 [3·3]) and classified as within the mild 
category for anxiety and depression, whereas mean 
PHQ-4 scores for the control group (2·4 [2·8]) corres-
ponded to the normal category for anxiety and depression. 
There was a higher self-reported burden of kidney 
disease in the intervention group than in the control 
group (mean KDQoL-SF1.3 burden of kidney disease 
score 54·9 [31·2] vs 64·7 [30·5]; table 2).

A median of 15 (IQR 9–22) of the recommended 
24 sessions of structured physical activity were completed 
by participants in the Kidney BEAM intervention group, 
representing a median adherence rate of 63% (IQR 38–92). 
Participants completed a median of 529 min (IQR 283–814) 
of structured physical activity, which is the equivalent of 
44 min per week. A median of six (IQR 1–10) of the 
recommended 12 sessions of education were completed, 
representing a median adherence rate of 50% (8–83). 

There was a clinically important and statistically signi-
ficant improvement in the primary outcome of KDQoL-
SF1.3 MCS score after 12 weeks in the Kidney BEAM 
group compared with the control group (difference of 
3·1 AU [95% CI 1·8–4·4]; p<0·0001; table 2, figure 2). This 
was due in part to significant mean between-group 
improve ments in the individual com ponents of the 
KDQoL-SF1.3 questionnaire, including social function 
(4·4 AU [0·9–7·8]; p=0·013), energy or fatigue (7·0 AU 
[4·6–9·5]; p<0·0001), and burden of kidney disease 
(3·2 AU [0·0–6·4]; p=0·049; table 2). Although the 
intention-to-treat analysis of the primary outcome 
(KDQoL-SF1.3 MCS) showed statistical differences in 
favour of the intervention group using the most 
conservative LOCF approach, 69 (33%) observations were 
missing at week 12 for the primary outcome. A sensitivity 
analysis using multiple imputation of the week 12 missing 
values was performed using five iterations of linear 
regression imputation and the analysis of covariance was 
repeated using the pooled imputations. This analysis also 
showed a significant improvement in the primary outcome 
in the intervention group compared with the control group 
(pooled mean difference of 3·9 AU [2·0–5·9]; p<0·0001).

Analysis of secondary outcomes showed a significant 
improvement at 12 weeks in PAM-13 patient activation 
score (p<0·0001) and the 60-s sit-to-stand test of physical 
function (p<0·0001) in the Kidney BEAM group 
compared with the control group (table 2). The mean 
between-group difference in the KDQoL-SF1.3 PCS at 

 n Baseline, 
mean (SD)

Week 12, 
mean (SD)

Mean adjusted 
difference in change 
between groups 
(Kidney BEAM – 
waiting list control), 
mean (95% CI)

p value

(Continued from previous page)

Haemoglobin, d/L

Kidney BEAM group 165 12·5 (2·0) 13·3 (1·1) 0·8 (–0·7 to 2·4) 0·30

Waiting list control group 161 12·2 (1·8) 12·3 (2·0) ·· ··

Body mass, kg

Kidney BEAM group 169 85·4 (20·1) 85·6 (19·5) 0·1 (–0·4 to 0·7) 0·61

Waiting list control group 163 84·4 (19·1) 84·5 (18·9) ·· ··

Data are mean (SD) or mean (95% CI) ANCOVA-adjusted scores. KDQoL-SF1.3=Kidney Disease Quality of Life Short 
Form version 1.3. MCS=Mental Component Summary. AU=arbitrary units. PCS=Physical Component Summary. 
PAM-13=Patient Activation Measure-13. EQ-5D-5L=European Quality of Life 5 Dimensions 5 Levels. PHQ-4=Patient 
Health Questionnaire-4. GPAQ=Global Physical Activity Questionnaire. MET=metabolic equivalent. eGFR=estimated 
glomerular filtration rate.

Table 2: Primary and secondary outcomes in the intention-to-treat population

Figure 2: KDQoL-SF1.3 MCS score at 12 weeks
KDQoL-SF1.3 MCS=Kidney Disease Quality of Life Short Form version 1.3 Mental 
Component Summary.
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12 weeks was not significant, and there were no 
significant between-group differences at 12 weeks for 
body mass, haemoglobin concentration, Work and Social 
Adjustment Score, EQ-5D-5L clinical utility score, or 
Global Physical Activity Questionnaire measures. The 
mean between-group differences in fatigue (Chalder 
Fatigue Scale score) and anxiety and depression (PHQ-4 
score) at 12 weeks were non-significant; however, in 
the per-protocol analysis, Chalder Fatigue Scale score 
(p=0·014) and PHQ-4 score (p=0·0031) were improved in 
the Kidney BEAM group compared with the control 
group (table 3).

Eight serious adverse events unrelated to study treat-
ment were recorded in a total of 340 participants, with a 
similar incidence across groups: three (2%) of eight in 
the Kidney BEAM group and five (3%) of eight in the 
control group (table 4). There were no expected related or 
unrelated serious adverse events recorded in either group 
during the trial. 

There were no obvious differences in characteristics 
between participants who completed the 12-week outcome 
assessment and participants who did not (table 5). 47 (77%) 
of 61 participants who did not complete the trial in the 
intervention group withdrew within the first week post 
baseline assessment due to time constraints. 

Discussion
Our results demonstrate that the Kidney BEAM physical 
activity digital health intervention innovation enhances 
health-related quality of life in people with chronic kidney 
disease. To our knowledge, this is the first randomised 
controlled trial to report improvements in the mental 
health-related quality of life of people with chronic kidney 
disease as a direct result of a physical activity digital 
health intervention. The Kidney BEAM platform therefore 
offers a scalable innovation to enhance mental health in 
this patient population and also offers a potential 
intervention to improve mental health and HRQoL in 
other chronic conditions characterised by sedentarism. 

Numerous neurophysiological, psychological, and 
social mechanisms could explain the beneficial effects of 
physical activity on mental health.27 As has been observed 
in previous studies,27 a combination of these is likely to 
be responsible for the improvements seen in our primary 
outcome of mental health-related quality of life. However, 
the results from both the intention-to-treat and per-
protocol analyses of secondary outcomes would suggest 
reductions in symptom burden (particularly fatigue, 
anxiety, and depression), improvements in social 
functioning, increased patient activation, and enhanced 
physical function could have been most important and 
are thus worthy of further discussion. 

The Kidney BEAM physical activity digital health 
intervention was developed with rigorous application 
of the behaviour change wheel method,28 employing 
co-design principles including lived experience and 
expert health-care providers, and adhering to the Medical 

Research Council framework for developing and 
evaluating complex interventions.29 The behaviour 
change wheel method28 was specifically used to identify 
the common physical, social, and psychological barriers 
and motivators to physical activity in the chronic kidney 
disease patient population, and thereby identify crucial 
intervention functions to facilitate behaviour change and 

n Baseline, mean 
(SD)

Week 12, mean 
(SD)

Mean adjusted 
difference in change 
between groups 
(Kidney BEAM – 
waiting list control), 
mean (95% CI)

p value

KDQoL-SF1.3 MCS, AU

Kidney BEAM group 103 46·1 (10·5) 50·1 (9·2) 4·98 (3·35 to 6·61) <0·0001

Waiting list control group 156 46·3 (10·3) 45·1 (10·0) ·· ··

KDQoL-SF1.3 PCS, AU

Kidney BEAM group 103 40·8 (12·0) 42·7 (11·3) 0·17 (–1·64 to 1·99) 0·85

Waiting list control group 156 41·1 (11·0) 42·8 (11·7) ·· ··

KDQoL-SF1.3 general health score, AU

Kidney BEAM group 97 43·8 (21·2) 46·6 (22·1) 0·73 (–2·75 to 4·20) 0·68

Waiting list control group 156 42·9 (21·3) 45·1 (22·4) ·· ··

Chalder Fatigue Scale score

Kidney BEAM group 101 15·8 (6·1) 12·9 (5·9) –1·58 (–2·84 to –0·32) 0·014

Waiting list control group 153 15·1 (6·3) 14·1 (6·4) ·· ··

EQ-5D-5L utility score 

Kidney BEAM group 103 0·7 (0·2) 0·7 (0·2) 0·03 (–0·01 to 0·07) 0·22

Waiting list control group 157 0·7 (0·2) 0·7 (0·2) ·· ··

PHQ-4 score

Kidney BEAM group 101 2·8 (3·1) 1·8 (2·4) –0·80 (–1·33 to -0·27) 0·0031

Waiting list control group 154 2·3 (2·8) 2·4 (2·9) ·· ··

Work and Social Adjustment Score

Kidney BEAM group 89 10·5 (9·8) 9·0 (9·0) –1·09 (–3·53 to 1·36) 0·38

Waiting list control group 145 10·1 (10·1) 9·7 (14·5) ·· ··

GPAQ, MET min per week

Kidney BEAM group 76 3081·0 (4739·1) 2690·8 (4039·3) 211·6 (–654·2 to 1077·5) 0·63

Waiting list control group 109 3259·7 (5069·2) 2620·9 (4057·2) ·· ··

GPAQ, physical activity min per day

Kidney BEAM group 76 110·0 (169·2) 96·1 (144·2) 7·6 (–23·7 to 38·5) 0·63

Waiting list control group 109 116·4 (181·0) 93·6 (144·9) ·· ··

eGFR, mL/min per 1·73 m²

Kidney BEAM group 85 39·5 (23·0) 38·9 (23·9) –0·34 (–2·08 to 1·40) 0·70

Waiting list control group 126 36·5 (24·5) 36·4 (24·5) ·· ··

Haemoglobin, d/L

Kidney BEAM group 88 12·5 (1·7) 12·5 (1·8) –0·1 (–4·27 to 2·17) 0·52

Waiting list control group 134 12·2 (1·9) 12·3 (1·8) ·· ··

Body mass, kg

Kidney BEAM group 87 83·8 (18·9) 83·9 (18·2) 0·16 (–0·73 to 1·06) 0·72

Waiting list control group 130 84·8 (19·2) 84·7 (19·0) ·· ··

Data are mean (SD) or mean (95% CI) ANCOVA-adjusted scores. KDQoL-SF1.3=Kidney Disease Quality of Life Short 
Form version 1.3. MCS=Mental Component Summary. AU=arbitrary units. PCS=Physical Component Summary. 
PAM-13=Patient Activation Measure-13. EQ-5D-5L=European Quality of Life 5 Dimensions 5 Levels. PHQ-4=Patient 
Health Questionnaire-4. GPAQ=Global Physical Activity Questionnaire. MET=metabolic equivalent. eGFR=estimated 
glomerular filtration rate.

Table 3: Outcomes in the per-protocol population
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engagement with the intervention.28 The significant 
improvements we report in the KDQoL mental com-
ponent scale and improvements in secondary outcomes 
of social function and fatigue or energy scales, as well as 
the improvement in physical function, support the 
importance of targeting discrete behaviours with 
independent and interdependent mechanisms of action, 
which are common within a patient population with 
recog nised complex health needs. Lower patient 
activation levels are associated with a higher symptom 
burden and reduced HRQoL across the trajectory of 
chronic kidney disease stages and treatment modalities,30 
and there is a need to prioritise the promotion of 
patient activation in kidney care management.31 The 

improvement in patient activation observed in the Kidney 
BEAM intervention group suggests that participation in 
this type of physical activity digital health intervention 
could improve patient self-management behaviours, and 
directly impact health-related quality of life.32

Our findings are consistent with those from an umbrella 
systematic review from 2023 regarding the effectiveness 
of physical activity interventions for im proving symptoms 
of mental health in adult patients.33 Physical activity was 
effective at reducing symptoms of depression and anxiety 
across all clinical conditions, with a larger magnitude of 
effect size observed in those people with chronic disease, 
and specifically people with chronic kidney disease. This 
finding was postulated to be due to the above-average 
symptoms of depression and anxiety and low physical 
activity levels inherent in this patient population, which 
allows for a greater scope for improvement.33 The 
improvement in mental health-related quality of life 
determinants as a result of the Kidney BEAM intervention, 
as observed by the increase in the KDQoL-SF1.3 MCS 
scores in the intention-to-treat population, was 
accompanied by a reduction in symptoms of anxiety and 
depression in those participants who completed the 
Kidney BEAM programme. Mean PHQ-4 scores in the 
intervention group reduced (p=0·08 in the intention-to-
treat analysis; p=0·03 in the per-protocol analysis) from a 
score within the mild category for symptoms of depression 
and anxiety to a score within the normal category. 
Similarly, the Kidney BEAM intervention appeared to be 
efficacious in the reduction of patient-reported fatigue 
levels (with significant improvements to KDQoL-SF1.3 
energy or fatigue scores in the intention-to-treat analysis 
and to Chalder Fatigue Scale score in the per-protocol 
analysis). Fatigue improved with physical activity in 
previous small trials in people with chronic kidney 
disease,34 and the results from our trial support the 
growing evidence for physical activity interventions to be 
used as a means to improve this common and burdensome 
symptom for people with chronic kidney disease.35

Our trial showed an improvement in objectively 
measured physical function. In a patient population for 
whom a decline in physical function, and resultant 
disability, is associated with poor health outcomes,36 and 
for whom the longer-term effects of the COVID-19 
pandemic have resulted in deconditioning and an 
increased risk of falls,37 the effect of our physical activity 
digital health intervention on physical function is 
encouraging and important. However, like other physical 
activity clinical trials for people with chronic kidney 
disease,38–40 our trial did not report improvements 
in HRQoL self-reported physical health scores. The 
KDQoL-SF1.3 PCS score might be less sensitive to change 
than the other subscales in the KDQoL-SF1.3 
questionnaire.41,42 Additionally, the structured exercise 
dose, which averaged at 44 min per week and was sufficient 
to confer mental health improvements in our patient 
population, might have been insufficient to improve 

Total 
(n=340)

Kidney BEAM 
group (n=173)

Waiting list control 
group (n=167)

Number of patients with any event 8 (2%) 3 (2%) 5 (3%)

Gastrointestinal disorders 2 (1%) 1 (1%) 1 (1%)

Infections and infestations 4 (1%) 2 (1%) 2 (1%)

Injury, poisoning, and procedural complications 1 (<1%) 0 1 (1%)

Renal and urinary disorders 1 (<1%) 0 1 (1%)

Data are n (%). MedDRA=Medical Dictionary for Regulatory Activities.

Table 4: Number of patients with at least one serious adverse event during the Kidney BEAM trial by 
MedDRA system organ class 

Participants with complete data Participants who were lost to 
follow-up or withdrew

Kidney BEAM 
(n=112)

Waiting list 
control (n=156)

Kidney BEAM 
(n=61)

Waiting list 
control (n=11)

Sex

Male 59 (52%) 71 (46%) 37 (62%) 4 (36%)

Female 53 (47%) 85 (55%) 24 (39%) 7 (64%)

Age, years 55 (14) 54 14) 53 (13) 49 (13)

Ethnicity

Black 16 (14%) 19 (12%) 4 (7%) 0 

White 82 (73%) 117 (75%) 45 (74%) 10 (91%)

Asian 11 (10%) 16 (10%) 11 (18%) 1 (9%)

Biracial 3 (3%) 3 (2%) 1 (2%) 0 

Chronic kidney disease stage

2 18 (16%) 27 (17%) 9 (15%) 1 (9%)

3A 19 (17%) 30 (19%) 10 (16%) 3 (27%)

3B 31 (27%) 28 (18%) 14 (23%) 3 (27%)

4 23 (20%) 32 (21%) 11 (18%) 1 (9%)

5 20 (18%) 39 (25%) 17 (28%) 3 (27%)

Comorbidities

Cardiovascular accident 2 (2%) 4 (3%) 6 (10%) 0 

Myocardial infarction 2 (2%) 5 (3%) 1 (2%) 0 

Diabetes 23 (20%) 39 (25%) 14 (23%) 0 

Hypertension 76 (67%) 109 (70%) 44 (72%) 6 (55%)

Data are n (%) or mean (SD).

Table 5: Comparison of participants with complete data and participants with missing data at 12 weeks 
due to loss to follow-up or withdrawal



Articles

www.thelancet.com/digital-health   Vol 6   January 2024 e31

perceptions of improved physical health. Improvements to 
mental health despite only modest increases in physical 
activity have been observed previously,33 and have been 
suggested to be due to shorter periods of weekly physical 
activity being less burdensome for patients and, 
consequently, having less negative psychological impact. 

Our trial was initiated in response to the COVID-19 
pandemic and is an example of agile research activity. The 
trial and intervention were conducted remotely, which 
has lasting implications for both research and clinical 
delivery of lifestyle interventions. Additional strengths of 
the trial include its size, and the small number of 
exclusion criteria that allowed for the enrolment of a 
cohort of people representative of those seen in routine 
clinical practice, providing reassurance regarding the 
potential external validity and generalisability of the 
results. A limitation of the trial was the restriction of 
the trial sites to a single country and that we delivered the 
research trial and intervention only in English. Thus, the 
generalisability of the trial findings to chronic kidney 
disease populations worldwide will require further 
evaluation. The primary outcome, and some secondary 
outcomes, were self-reported and because participants 
were not masked to the allocated treatment, this method 
will have introduced bias. A number of secondary 
outcomes in the trial were assessed without any control of 
the overall type I error rate and therefore the risk of at 
least one type I error is inflated. We also could not mask 
the supporting physiotherapy assistants. However, the 
assessors for the clinical effectiveness and statisticians 
were masked. There was an expected dropout rate of 30% 
from the intervention group, which required data to be 
imputed and could have added imprecision to estimates. 
There was no obvious difference in participant charact-
eristics between groups for complete and incomplete 
cases and more than 75% of the dropouts were within the 
first week of the trial. The LOCF approach to missing data 
offers a conservative estimate of the patient’s outcome 
trajectory in a study,43 and the sample size for the study 
allowed for the expectant dropout rate. More than half of 
the dropouts from the study were due to patient time 
constraints, with a larger proportion evident in the 
intervention group in which extra time was needed to 
complete the intervention. The inclusion of numerous 
inter vention components and behaviour change tech-
niques within the Kidney BEAM digital health 
intervention also meant that it was not possible to 
determine their independent effects. A formal mediation 
analysis was also not completed to determine mech-
anisms of the observed change in the primary outcome. 

Future research should investigate the Kidney BEAM 
physical activity digital health intervention in other 
countries and investigate this clinically implementable 
intervention in other chronic health conditions. Cost-
effectiveness and follow-up results will be determined at 
6 months, and a qualitative evaluation of intervention, 
trial acceptability, and participant experience, as well as 

subgroup analyses of the primary and key secondary 
outcomes, will be presented separately. Chronic kidney 
disease disproportionately affects under-resourced 
individuals, and we acknowledge that this might have 
affected the opportunity for some individuals to partake 
in a digital health trial.44 Sub-studies will report the 
impact of enhanced digital health skills training and 
provision of devices or WiFi connectivity, and will 
investigate the impact of the intervention in different 
stages of the chronic kidney disease pathway.

Overall, these results demonstrate that the Kidney 
BEAM physical activity platform is an effective digital 
health intervention to improve mental health and 
HRQoL in people with chronic kidney disease, in part via 
positive effects on physical function, symptom burden, 
social interaction, anxiety or depression, and patient 
activation. The results from this clinical trial will facilitate 
implementation of current guidelines on physical activity 
in people with chronic kidney disease and thus inform 
future national and potentially international clinical 
practice.
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