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Abstract

Background People with chronic kidney disease (CKD) report high levels of physical
inactivity, a major modifiable risk factor for morbidity and mortality. Understanding the
biological, psychosocial, and demographic causes of physical activity behaviour is essential
for the development and improvement of potential health interventions and promotional
initiatives. This study investigated the prevalence of physical inactivity and determined
individual correlates of this behaviour in a large sample of patients across the spectrum of

kidney disease.

Methods A total of 5,656 people across all stages of CKD (1-2, 3, 4-5, haemodialysis,
peritoneal dialysis, and renal transplant recipients) were recruited from 17 sites in England
from July 2012 to October 2018. Physical activity was evaluated using the GP Activity
Questionnaire. Self-reported cardiorespiratory fitness, self-efficacy, and stage of change were
also assessed. Binominal generalized linear mutually adjusted models were conducted to

explore the associations between physical activity and correlate variables.

Results The prevalence of physical activity (6-34%) was low and worsened with disease
progression. Being older, female, and having a greater number of co-morbidities were
associated with a greater odds of being physically inactive. Higher haemoglobin,
cardiorespiratory fitness, and self-efficacy levels were associated with an increased odds of

being active. Neither ethnicity nor smoking history had any effect on physical activity.

Conclusions Levels of physically inactivity are high across all stages of CKD. The

identification of stage specific correlates of physical activity may help prioritize factors in



target groups of kidney patients and improve the development and improvement of public

health interventions.

Trial registration This cross-sectional observational multicenter study was registered

retrospectively as ISRCTN87066351 (October 2015).
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Introduction

Chronic kidney disease (CKD) is a serious public health issue affecting ~6-8% of the UK
population, with global estimates between ~8-16% (1). Along with poor physical functioning
and quality of life (QoL), CKD is associated with cardiovascular and metabolic morbidity and

mortality risk placing a considerable strain on national health and social care resources (1, 2).

Physical inactivity, a physical activity level insufficient to meet present recommendations, is
the 4th leading cause of death worldwide (3) and costs the UK ~£7.4-8.3 billion a year,
including £1.1 billion to the National Health Service alone (4, 5). The association between
physical inactivity and poor outcomes is well-established for people with CKD, those on
dialysis, and in kidney transplant recipients (RTRs) (6-9). People with kidney disease typically
engage in a lower level of physical activity than the general population (7, 9-11) resulting in
reduced neuromuscular, cardiorespiratory, and physical functioning (7), and quality of life (6).
Increasing physical activity levels may confer diverse physical and psychological health
benefits including moderation of long-term risks of glomerulosclerosis and progressive kidney

dysfunction (12).

With the vast majority of physical activity research in kidney populations undertaken in the
United States (US) and Western Europe, there remains a lack of research exploring physical
activity prevalence in a UK population. The only previous UK study, conducted by Hayhurst
and Ahmed (2), showed no difference in physical activity levels across disease stages (CKD,
haemodialysis (HD), peritoneal dialysis (PD), and transplant patients). Whilst seemingly
conflicting the wealth of previous research, this finding is likely explained by the use of a “self-

created” un-validated composite physical activity score and a sample of just 100 participants.



Understanding the causes of physical activity behaviour is essential for the development and
improvement of potential health interventions and promotional initiatives (13). Correlates of
physical activity have been studied across populations with comprehensive reviews
highlighting the role of biological, psychosocial, demographic, and interpersonal factors (13-

17). However, limited evidence is avaliable for kidney disease, particularly in the UK.

To improve understanding of physical activity behaviour in kidney patients, the objectives of
this study were to: /) identify the prevalence of physical inactivity and 2) determine individual

correlates of this behaviour in a large sample of patients across the spectrum of kidney disease.



Materials and Methods

This cross-sectional observational multicenter study was registered retrospectively as
ISRCTN87066351 (October 2015). Data were gathered between July 2012 and October 2018
from 17 sites across England, UK (Supplementary Material 1). Ethical approval was granted
by the East Midlands-Leicester South Research Ethics Committee and Health Research
Authority (reference: 12/EM/0184). All participants provided written informed consent. This

study was performed in compliance with the Declaration of Helsinki.

Participants

Adults (aged >18 years) with CKD able to give informed consent were eligible for inclusion.
Individuals were stratified into the following cohorts: CKD Stage 1-2; CKD Stage 3; CKD
Stage 4-5; prevalent (>3months) HD; PD; and RTRs according to the ‘Kidney Disease:
Improving Global Outcomes’ definitions (18). Those recently transplanted (i.e. <12 weeks)
were excluded as post-operative factors are likely to affect physical activity. Patients were
recruited from the waiting areas of hospital outpatient clinics or dialysis treatment units.

Patients were also identified from local General Practitioner (GP) practices.

Outcome measures
All outcome measures were contained in a single survey pack. Patients completed the survey
pack either in the waiting areas of outpatient clinics or dialysis treatment units. Those identified

by GP practices were sent the survey in the post to be completed at home.

General Practice Physical Activity Questionnaire (GPPAQ)



Physical activity was assessed using the GPPAQ, a short questionnaire developed by the
Department of Health and recommended by ‘The National Institute for Health and Care
Excellence’ and the ‘Kidney Quality Improvement Partnership’. The GPPAQ categorises
individual’s current physical activity as: ‘active’; ‘moderately active’; ‘moderately inactive’;
or ‘inactive’ (19, 20). Anyone scoring less than ‘active’ was assumed not to be meeting physical
activity guidelines (20) i.e. ‘insufficiently active’. Types of activities undertaken and self-

reported walking pace are also recorded.

Retired and non-working respondents who do not do a sport or cycle cannot be classed as
‘active’ in the GPPAQ. With potential limitations in a kidney population, questionnaires were
re-coded, as per Ahmad et al. (20), to include walking in the scoring, i.e. participants who

reported walking at a brisk or fast pace for >3 h/week were re-coded as ‘active’.

Duke Activity Status Index (DASI)

Physical function was measured by the DASI, a 12-item questionnaire used to assess activities
of daily living (21). Total scores range from 0-58.2 with higher scores denoting greater
physical capability. For better interpretation, scores were transformed into estimated peak

oxygen uptake (VOzpeak) values - a marker of cardiorespiratory fitness - as validated in CKD

(22).

Stages of Change Questionnaire (SOCQ)

The SOCQ identifies respondents’ state of readiness to adopt a more active lifestyle according
to the ‘Stages of Change Model’ which consist of 5-items and forms part of a broader
conceptual framework known as the Transtheoretical Model (23). The stages are: 1) pre-

contemplation (no intention to engage in exercise behaviour); 2) contemplation (may have



intentions to exercise in the future); 3) preparation (has started to perform limited irregular
amounts of exercise); 4) action (meeting activity guidelines); and 5) maintenance (meeting

guidelines for >6 months).

Exercise Self-Efficacy Questionnaire (SEQ)

The SEQ was used to assess an individual’s confidence to regulate their exercise behaviour in
the face of potential barriers representing constructs of negative affect, resisting relapse, and
making time for exercise (24). Self-efficacy was rated on a 5-point Likert scale with ‘1’
indicating ‘not confident at all’ to ‘5’ indicating ‘very confident’. The mean score was used as
a measure of self-efficacy. The SEQ is used in other chronic disease populations with good

reliability and internal consistency (24).

Clinical, co-morbidity, and demographic data

Clinical (haemoglobin (Hb) and estimated glomerular filtration rate (¢GFR)) and demographic
(sex, age, smoking status, and ethnicity) data were taken from recent medical records and self-
reported responses. Kidney function was determined by eGFR using the ‘Modification of Diet
in Renal Disease Formula’. Co-morbidities were recorded based on a composite of patient self-

report and medical notes. For RTRs, months since transplant and donor type were recorded.

Statistical analysis

Descriptive and frequency statistics were used to describe patient characteristics. Dichotomous
and categorical variables are presented as percentages and continuous variables presented as
median (interquartile range [IQR]) for non-normally distributed data. Participants without

completed survey packs were excluded from the analysis and missing data for other variables



were analysed listwise. No data imputations were performed. Missing data frequency can be
found in Supplementary Material 2. All statistical analyses were performed using IBM SPSS

(Version 24, IBM, USA). Statistical significance was accepted as a P value of <0.05.

A multinomial generalized linear model was used to explore differences in physical activity
status across disease stages with CKD Stage 1-2 used as a reference group adjusting for age
and sex. Binominal generalized linear mutually adjusted models were conducted to explore the
associations between physical activity (coded as a dichotomous variable) and demographics
(age, sex, ethnicity, smoking status), clinical parameters (Hb), total number of co-morbidities
(in addition to kidney disease), VOzpeak, self-efficacy, and stages of change. Stages of change
were coded as non-receptive (pre-contemplation) or receptive (contemplation, preparation,
action and maintenance). Age, Hb, the total number of co-morbidities, and VOzpeak were
defined as continuous variables. Self-efficacy scores were treated as a continuous value as per
the original citation (24). Interaction analyses were conducted to assess whether disease stage
modified these associations. Significant disease stage interactions were further investigated
through stratified analysis with age and VO;peak coded as a dichotomous variables based on
the median of the total sample. Unless stated, results are expressed as mutually adjusted odds
ratio (OR) and 95% confidence intervals. An OR of >1 indicates a greater odds of being
classified as physically ‘inactive’. An OR <1 represents a smaller odds of being classified as

physically ‘inactive’. For continuous variables, odds are reported per 1 unit change.



Results

Participant characteristics

5,656 people were recruited from 17 sites in England. Data from 398 cases were excluded (no
eGFR recorded, n=380; no data recorded, n=13; unreliable data, n=5) leaving a total of 5258
cases for analysis. Information on recruiting centres is included in Supplementary Material 2.
Full clinical and demographic characteristics are shown in Table 1. Females represented 42%
of the total sample. People with CKD Stage 1-2 were younger with the oldest participants found
in CKD Stage 4-5. 23% of the sample were from a non-White background. In RTRs, the median
time post-transplant was 41.0 (IQR 105.0) months. The majority (66%) of transplants were
from cadaveric donation, followed by unrelated living (21%) and related living donation

(13%).

Physical inactivity prevalence

The prevalence of insufficient physical activity was high and worsened with disease
progression (Figure 1). Patients in CKD Stage 1-2 were most active (34% sufficiently active).
Physical activity decreased from CKD Stage 3 (17% active) through to CKD Stage 4-5 (11%
active) before reaching a nadir in people requiring dialysis (only 6% HD and 8% PD patients
were active). Physical activity of patients in CKD Stage 4-5, HD, and PD were significantly

different (P<0.001) than CKD Stage 1-2. 27% of RTRs were sufficiently active.
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The frequency of physical activities is reported in Figure 2. Walking was the most popular
form of activity across all stages. Full physical activity data can be found in Supplementary

Material 3.

Correlates of physical inactivity

Table 2 shows the association of demographic, clinical, physical, and psychological
characteristics with the likelihood of being physically inactive in the combined study cohort.
Being older, female, and having a greater number of co-morbidities were associated with a
greater odds of being inactive. Higher Hb and VOopeak levels were associated with a reduced
odds of being inactive. Patients in a receptive stage of change and with higher levels of self-
efficacy had greater odds of being active. Neither ethnicity nor smoking history had any effect

on physical activity.

Interaction analysis revealed that disease stage modified some of these associations, outlined
in Table 2. The direction of the interactions is displayed in Figure 3 (and Supplementary
Material 4). The effect of age was most pronounced in CKD Stage 4-5; those older than 61
years were 5.5 times more likely to be inactive than those <61 years. Although females were
less active than males across all disease stages, in those on HD, females were 5.0 times more
likely to be inactive than males. VOxpeak levels had a greater effect on activity level in those
on dialysis and RTRs; in these groups patients with a VOzpeak <22.3 ml.kg.min™! were between

4.9 and 18.4 times more likely to be inactive than those with a VOapeak >22.3 ml.kg.min!.

11



Discussion

With more than 5000 participants, we present the largest analysis of physical activity behaviour
in a UK kidney population. The key findings are: /) physical inactivity is highly prevalent
across all stages of CKD 2) physical activity levels worsen with disease progression; 3)
physical activity levels are improved in those with a kidney transplant; 4) being older, female,
having a lower Hb, lower self-efficacy, lower cardiorespiratory fitness, and being in a ‘non-

receptive’ stage of change are associated with being inactive.

Despite the growing evidence supporting the importance of physical activity in kidney disease
(6, 7), inactivity was highly prevalent across all stages of CKD. In support of previous literature
(9), we observed a decline in physical activity with kidney disease progression, reaching a nadir
in those on dialysis. In the UK general population, physical activity data using the GPPAQ is
limited and data concerning adherence to recommended levels of physical activity is variable,
however it is estimated that ~35-43% of adults are ‘inactive’ (4, 19). In our sample, with the
exception of those with CKD Stage 1-2 and RTRs (42-46% inactive), physical inactivity was
considerably higher in people with more advanced disease. In CKD Stage 4-5 and those on
dialysis the prevalence of people defined as ‘active’ was only 6-11%; this is less than a cohort

of 114 mixed cancer (bowel, breast, or prostate) patients using the GPPAQ (25).

It is perhaps unsurprising that physical activity levels worsen as CKD progresses given the
increasing symptom burden (26) and reductions in physical function aggravated by anaemia,
metabolic acidosis, inflammation, and malnutrition (9). People with CKD Stages 1-2 generally

have less disease burden and are treated in primary care by a General Practitioner without the

12



need for specialist referral. In our study, this group of ‘early’ CKD patients were younger with

a lower prevalence of additional comorbidities.

Physical activity was lowest in patients requiring dialysis with 94% of HD patients and 92%
of PD patients ‘insufficiently active’. Low physical activity in dialysis patients is well-
described (8-11, 27-29) with several causes including uraemia, fatigue, comorbidity burden,
anaemia, and depression (30, 31). In HD patients, post-dialysis fatigue as well the logistical
processes of dialysing several days per week negatively impact physical activity (32). Patients
on PD may feel discouraged from participating in physical activity due to concerns about the
development of hernias and leaks, or uncertainty surrounding appropriate exercise regimens
(28). Accordingly, such levels of inactivity are worrying given the association with mortality

in HD and PD (33).

Physical activity was higher in transplant patients relative to those with advanced CKD. Such
‘recovery’ of physical activity following a transplant has been previously observed (34-36).
Nielens et al. (37) reported an immediate decrease in physical activity one-month post-
transplant, followed by increased physical activity and a plateau after one year. All RTRs in
the present study were >12-weeks post-transplant thus negotiating any initial decline.
Nonetheless, relatively few met national recommendations. Although receipt of a kidney
transplant has been shown to improve quality of life and reduce the risk of ESKD-related
outcomes (38), new (e.g., fear of harming graft, immunosuppression-related side effects) and
existing pre-transplant (e.g., fatigue, low physical condition) barriers remain (36, 39, 40). The
low rates of physical activity in RTRs observed are of concern because, along with improved
physical and psychological quality of life, greater physical activity is associated with improved

graft function (6, 9, 34-36).
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It is well-recognized in epidemiological research that increasing age is associated with reduced
physical activity (13-17). We observed an inverse relationship between age and physical
activity across all stages, although particularly evident in CKD Stage 4-5. Likely age-related
factors include declines in health status, mobility, or motivation (16), intensified with
reductions in physical and kidney function. Consistent with research in both large general (13-
17) and kidney population studies (29), sex emerged as a strong correlate of physical activity.
In people with non-dialysis CKD, males were approximately three times more likely to be
active than females, and in those undergoing HD, males were over five times more likely to be
active. Multiple explanations like family and societal roles, psychological issues, and life

conditions may account for these differences (15).

Regardless of CKD stage, the physical function and cardiorespiratory fitness of our sample
were poor. We observed that a higher VOa,eax was associated with a greater likelihood of being
active in patients with ESKD (PD and HD) and RTRs. Whilst this relationship is likely bi-
directional, having sufficient cardiorespiratory fitness is an important criterion of the capability
to be active (39) and low cardiorespiratory fitness is associated with impaired physical
functioning (9). Segura-Ortiz et al. (27) found poor physical function was associated with
reduced physical activity, and in HD patients (41) and RTRs (36) physical activity has been
closely associated with physical function. Importantly, whilst impaired fitness may hinder
patients from undertaking physical activity, being inactive contributes to further reductions in
physical capability (9). Interestingly, our analysis suggests that physical fitness may not be an

important factor in determining physical activity in those with non-dialysis dependent CKD.
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The concentration of oxygen-carrying Hb is a well-established limiting parameter of
cardiorespiratory capacity. With anaemia a common complication of CKD, it is unsurprising
that low Hb levels have been associated with inactivity (9). We found higher Hb levels were
associated with a greater odds of being active regardless of CKD stage. This supports previous

research (2, 27, 30) although contrasts others (2, 42).

From a psychological perspective, self-efficacy is purportedly the most important predictor of
engaging in and long-term maintenance of physical activity (14, 43). Self-efficacy refers to an
individual’s beliefs about their capability to perform a particular behaviour (44), and in our
cohort, the confidence to regulate exercise behaviour in the face of potential barriers. We found
higher self-efficacy was associated with a greater odds of being active across all CKD groups.
Previous studies in kidney populations is limited, however studies in RTRs (9, 35, 39, 40),
those on dialysis (45, 46), and unspecified kidney disease (47) have shown associations
between self-efficacy and physical activity. With growing evidence underlining its importance,

strategies to promote self-efficacy may increase physical activity engagement (9, 35, 39, 47).

Patients in a ‘receptive’ stage of change were more likely to be active. The ‘Stages of Change’
model from Prochaska and DiClemente's Transtheoretical Model has been used extensively to
study health-related behaviours including physical activity (48). The model postulates that
individuals engaging in a new behaviour move through non-receptive to receptive stages (24).
For those in a non-receptive stage, the will to abstain from physical activity is greater than the
self-efficacy for it (48). In these people, traditional interventions are unsuitable and targeting
of stage-specific interventions is required (24, 48). Physical activity promotion should focus

on ‘building readiness’ to change and people may benefit most from informational,
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educational, and motivational experiences designed to increase the appeal and expectations of

physical activity (24, 48).

Despite its large and diverse sample, our study is limited by its cross-sectional design, a
common limitation in physical activity literature (17) precluding determination of causality.
Nonetheless, this design can provide evidence about potential mediators for the planning of
interventions and may help prioritise factors in target groups of kidney patients. Such design
also allows several variables to be assessed at low cost providing evidence for intervention
design improvement (49). The use of self-report is widely used for physical activity assessment,
despite various shortcomings (e.g., recall bias, misinterpretation) (8). In the current study, the
GPPAQ was used to measure physical activity. Whilst easy to administer, research has revealed
a sensitivity of between 19-46% and specificity of 50-85% (classed as ‘active’) compared to
accelerometery (20, 50). It is important to note that our population consisted of patients willing
to engage in the research study and return a completed survey. Such sampling bias may be
evident in the somewhat lower prevalence of comorbidities such as hypertension, diabetes, and

CVD; this may reduce the generalizability of our findings to a wider patient population.

The solution to combating physical inactivity is complex, multifaceted, and likely dependent
on each individual. Our results show strategies promoting self-efficacy may be key to
increasing physical activity. Self-efficacy arises from four primary sources: mastery
experiences, social modelling, social persuasion, and the interpretation of physiological and
emotional responses (43, 44). Whilst beyond the scope of this work, each of these can targeted
to maximize physical activity engagement. For example, facilitated by a healthcare
professional, the setting of challenging, but reachable, physical activity goals can be an

effective method of ensuring regular successful experience. Social or group activities may aid

16



in social modelling and persuasion, and being able to interpret aches and pains associated with
activity after a considerable period of time as positive responses enhances self-efficacy (43).
With only small increases in activity beneficial, nephrologists and healthcare professionals
should engage and discuss the risks and benefits of physical activity with their patients, identify
barriers, and highlight its relative safety and the adverse outcomes associated with inactivity.
Although proper infrastructure and specialist supervision to facilitate exercise programs for
CKD patients are largely lacking, a simple prescription of short-term home-based aerobic
exercise at moderate intensity, such as brisk walking or cycling for 30 to 60 minutes at least
three times per week may form the basis of a cheap and safe programme. Structured exercise

incorporating strength and balance training may be introduced in appropriate patients (9).

In conclusion, in the largest UK cohort of its kind, we established that physical inactivity is
highly prevalent across all stages of kidney disease, reaching a nadir in those requiring dialysis.
We were able to identify stage specific correlates of physical activity. Our findings are
important as physical inactivity is a major modifiable risk factor for morbidity and mortality,
and a better understanding of the causes of physical activity behaviour is essential for the

development and improvement of public health interventions.
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Tables

Table 1. Patient demographic and clinical characteristics

CKD Stage 1-2 CKD Stage 3 CKD Stage 4-5 HD PD RTRs
N=5258

n=281 n=752 n=646 n=1,155 n=184 n=2,240
Sex
Male (n, %) 137 (49%) 363 (49%) 376 (58%) 726 (64%) 122 (67%) 1289 (59%)
Female (n, %) 144 (51%) 383 (51%) 270 (42%) 405 (36%) 61 (33%) 909 (41%)
Age (years)
Median (IQR) 47.0 (26.0) 72.0 (18.0) 73.0 (21) 65.0 (21.0) 64.0 (22.0) 53.0 (20.0)
<61 years (n, %)* 212 (76%) 179 (24%) 176 (27%) 469 (42%) 78 (43%) 1532 (71%)
>61 years (n, %) 68 (24%) 559 (76%) 468 (73%) 656 (58%) 104 (57%) 636 (29%)
Ethnicity
White British (n, %) 208 (83%) 413 (89%) 508 (79%) 419 (49%) 103 (66%) 1503 (74%)
White other (n, %) 7 (3%) 18 (4%) 14 (2%) 27 (3%) 6 (4%) 143 (7%)
Indian (n, %) 17 (7%) 19 (2%) 37 (6%) 114 (13%) 14 (9%) 39 (2%)
Pakistani (n, %) 0 (0%) 2 (0%) 3 (1%) 25 (3%) 6 (4%) 19 (1%)
Asian other (n, %) 4 (2%) 8 (2%) 7 (1%) 39 (5%) 8 (5%) 136 (7%)
Caribbean (n, %) 5(2%) 3 (1%) 2 (0%) 90 (11%) 9 (6%) 69 (3%)
African (n, %) 2 (1%) 0 (0%) 7 (1%) 96 (11%) 7 (4%) 30 (1%)
Other (n, %) 7 (3%) 2 (0%) 5(1%) 42 (5%) 3 (2%) 93 (5%)
Smoking status
Current smoker (n, %) 47 (17%) 65 (9%) 68 (11%) 107 (10%) 13 (7%) 161 (7%)
Never smoked (n, %) 122 (45%) 324 (45%) 256 (41%) 556 (50%) 88 (49%) 1262 (58%)
Previous smoker (n, %) 105 (38%) 334 (46%) 295 (48%) 453 (41%) 80 (44%) 736 (34%)
¢GFR (ml/min/1.73m?)
Median (IQR) 78.0 (23.0) 44.0 (15.0) 20.2 (10.0) 6.5 (4.0) 7.0 (5.0) 46.0 (26)
Hb (g/dL)
Median (IQR) 13.4(2.4) 12.7 (2.3) 11.6 (2.1) 11.2 (1.8) 10.9 (2.2) 12.7 (2.5)
Diabetes (n, %) 33 (12%) 187 (26%) 217 (35%) 341 (39%) 50 (34%) 374 (22%)
CVD (n, %) 20 (7%) 182 (25%) 146 (24%) 201 (23%) 25 (17%) 175 (10%)
Hypertension (n, %) 119 (47%) 292 (71%) 481 (79%) 563 (64%) 91 (62%) 1275 (73%)

Total no. comorbidities®
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Mean (SD) 1.1 (1.1) 1.8 (1.3) 1.9 (1.3) 1.0 (1.0) 1.2(1.1) 1.4(1.1)
Median (IQR) 1.0 (2.0) 2.0 (2.0) 2.0 (2.0) 1.0 (2.0) 1.0 (2.0) 1.0 (1.0)
DASI

Median (IQR) 31.5(32.4) 31.7(31.8) 26.0 (31.3) 18.0 (20.5) 23.2 (24.0) 38.2(32.4)
VO2peak (ml.kg.min™!)

Median (IQR) 23.1(13.9) 23.2(13.7) 20.8 (13.4) 17.3 (8.8) 19.6 (10.3) 26.0 (13.9)
<22.3 mL.kg.min! (n, %)° 123 (44%) 351 (47%) 363 (56%) 818 (74%) 120 (66%) 750 (37%)
>22.3 ml.kg.min! (n, %) 158 (56%) 400 (53%) 283 (44%) 289 (26%) 63 (34%) 1278 (63%)
Stage of Change

Pre-contemplation (n, %) 42 (15%) 261 (37%) 291 (47%) 460 (44%) 67 (38%) 335 (18%)
Contemplation (n, %) 63 (23%) 111 (16%) 108 (18%) 215 (20%) 44 (25%) 436 (23%)
Preparation (n, %) 58 (21%) 118 (17%) 105 (17%) 202 (19%) 34 (19%) 465 (25%)
Action (n, %) 21 (8%) 30 (4%) 19 (3%) 47 (4%) 7 (4%) 157 (8%)
Maintenance (n, %) 89 (33%) 195 (27%) 94 (15%) 129 (12%) 23 (13%) 471 (25%)
Exercise SEQ

Median (IQR) /5 3.0 (1.5) 2.2(2.2) 2.2 (2.0) 1.2 (1.6) 1.6 (1.7) 2.4 (2.0)

Data shown as frequencies or median (with interquartile range (IQR)), unless otherwise stated. CKD = chronic kidney disease; HD = haemodialysis; PD = peritoneal dialysis;
RTRs = renal transplant recipients; SD = standard deviation; IQR = interquartile range; eGFR = estimated glomerular filtration rate; Hb = haemoglobin; CVD = previous heart
disease; DASI = Duke Activity Status Index; VOapeak = calculated from DASI; SEQ = Self-Efficacy Questionnaire. * = 61 years denotes median of total sample; ® = Total no.
of additional comorbidities (excluding kidney disease); ¢ = 22.3 ml.kg.min"! denotes median of total sample. Percentage of missing excluded from percentage accumulation of

other variables
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Table 2. Correlates of physical inactivity and interactions with disease group

N=2.956 OR (95% CI) Main effect Interaction

P value P value

Age 1.029 (1.021 to 1.037) <0.001* 0.001*

Sex [Male (reference)] 1

Female 1.668 (1.340 to 2.076) <0.001* 0.03*

Ethnicity /White British (reference)] 1 o013 071

Non-white 1.270 (.930 to 1.733) : )

Hb .932 (.879 to .989) 0.02* 0.24

Smoking status [Never smoked (reference)] 1

Current smoker 1.058 (.738 to 1.517) 0.91 0.85

Previous smoker 974 (779 to 1.219)

Total co-morbidities * 1.172 (1.057 to 1.300) 0.003* 0.37

Stage of change [Non-receptive (reference)] 1 .

Receptive 352 (247 t0 .501) <0.001 0.29

SEQ .703 (.642 to .770) <0.001* 0.34

VO:peak .923 (.909 to .937) <0.001* <0.001*

Data displayed as mutually adjusted Odds Ratio (OR) with 95% confidence interval (95% CI) for main effects;
an OR of >1 indicates greater odds of being classified as physically ‘inactive’. Significant interaction denotes
modifying effect of chronic kidney disease (CKD) group. The direction of the significant interactions for age, sex,
and VOspeak are displayed in Figure 3. Significance denoted by * and set at P<0.05.

Hb = hemoglobin; SEQ = Self-Efficacy Questionnaire; VO,peak = calculated from DASI. * = Total no. of

additional comorbidities (excluding kidney disease)
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Figures and legends

Figure 1. Levels of physical activity status across disease stages
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Physical activity status taken from General Practice Physical Activity Questionnaire (GPPAQ) adjusted to include
>3 hours of walking as ‘active’ (GPPAQ-WALK). CKD = chronic kidney disease; HD = haemodialysis; PD =
peritoneal dialysis; RTRs = renal transplant recipients. Significant differences versus CKD Stage 1-2 (reference
group) denoted by * and set at P<0.001; analysis adjusted for age and sex
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Figure 2. Frequency of physical activities reported
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Physical activity status taken from General Practice Physical Activity Questionnaire (GPPAQ). CKD = chronic
kidney disease; HD = haemodialysis; PD = peritoneal dialysis; RTRs = renal transplant recipients; DIY = ‘Do-
it-yourself’ e.g., maintenance or repair work
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Figure 3. Physical inactivity and significant disease group interactions
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Data displayed as mutually adjusted Odds Ratio (OR) with 95% confidence interval (CI); an OR of >1 indicates
greater odds of being classified as physically ‘inactive’ compared to reference. Age and VO2peak coded as a

dichotomous variables based on the median of the total sample population. CKD = chronic kidney disease; HD =
haemodialysis; PD = peritoneal dialysis; RTRs = renal transplant recipients; VO,peak = calculated from DASI
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