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Summary 
Introduction/Aim: Hemodialysis patients are often sedentary and ex-
perience a high prevalence of sleep disorders. In this study, we aimed 
to assess the level of physical activity and quality of sleep among pa-
tients on maintenance hemodialysis and assess the relationship be-
tween these issues.
Material and Methods: Seventy-one hemodialysis patients filled in 
the International Physical Activity Questionnaire (IPAQ) and the Pitts-
burgh Sleep Quality Index (PSQI) to assess their level of physical activ-
ity and their quality of sleep, respectively. Basic demographic, clinical 
and treatment-related characteristics were obtained from an elec-
tronic medical data system, as well as the results of standard labora-
tory analyses. The results were analyzed with Student t-test, Pearson 
chi-square test, linear by linear association, and Spearman correlation.
Results: Nearly half of the patients (46.5%) were poor sleepers with 
an overall PSQI of 5.7 ± 4.4. Older age was significantly associated 
with worse sleep quality (p=0.019). Patients reported low, moderate 
or vigorous levels of daily physical activity in 42.3%, 50.7% and 7% of 
cases, respectively. No statistically significant associations were noted 
between demographic characteristics, dialysis vintage, comorbidi-
ties and the level of physical activity. Distribution of good and poor 
sleepers was almost identical among patients with low and moderate 
physical activity (47% vs 53% and 50% vs 50% respectively), where-
as patients with vigorous activity were mostly good sleepers (20% vs 
80%), but the difference was not statistically significant (p=0.591).
Conclusion: We observed no statistically significant association be-
tween the level of physical activity and quality of sleep in this cohort. 
Further research with a larger sample might additionally elucidate 
this issue.
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INTRODUCTION

Chronic kidney disease (CKD) is among the leading 
causes of morbidity and mortality worldwide with an es-
timated global prevalence between 11% and 15% (1). The 
terminal stage of CKD, end-stage renal disease (ESRD), is 
associated with a variety of symptoms affecting patients’ 
physical ability and functioning. Hemodialysis (HD) par-
tially improves certain clinical aspects of the disease but 
fails to sufficiently recover all aspects of daily function-
ing. In fact, specific features of this treatment regimen 
may even contribute to the impairment of certain aspects 
of daily functioning. Namely, patients’ daily physical ac-
tivity is substantially restricted by being attached to a 
dialysis machine for at least 12 hours each week in three 
dialysis sessions. Physical activity is any movement that 
causes energy expenditure, including daily duties, such as 
work, household activities, and commuting. HD patients 
are often sedentary, unrelated to gender, urbanicity and 
dialysis or nondialysis day, whereas older age is signifi-
cantly associated with lower mobility and less activity (2). 
Inactivity even aggravates with time and disease severi-
ty. Moderate physical activity in the HD population has 
been associated with better quality of life and lower mor-
tality, even in patients with comorbidities (3, 4).

Sleep disorders are highly prevalent in HD patients, 
with studies accounting that sleep quality in this popula-
tion is compromised both subjectively and objectively (5).  
Their origin in dialysis patients is not fully elucidated, but 
it is established to be multi-factorial. Impaired quality of 
sleep is reported by more than half of patients receiving 
dialysis and is associated with cardiovascular events, de-
pression, impaired daily functioning, lower quality of life, 
and increased mortality risk (6, 7). Nevertheless, despite 
their frequency and importance, sleep disorders are often 
underdiagnosed in this population, and evidence of effec-
tive management remains limited. 

Previous studies suggested a positive association be-
tween physical activity and sleep in different populations, 
especially among the elderly (8, 9). Even moderate long-
term physical activity appears to have a positive effect on 
sleep quality, especially on its depth, latency and perfor-
mance in the general population (10). Nevertheless, data 
on the relationship between physical activity and sleep 
quality among patients with ESRD are limited.

This study aimed to assess the level of physical activ-
ity and quality of sleep among patients on maintenance 
HD and assess the relationship between these issues.

MATERIALS AND METHODS

Population

Seventy-one out of 98 patients from a single HD unit 
were willing and capable of participating in the study. 

The inclusion criteria included age over 18 years, at least 
6 months of maintenance HD with 3 treatment sessions 
per week, regular HD attendance, and the ability to walk. 
We excluded patients with acute aggravation of clinical 
condition, severe mobility impairment, and cognitive 
incapacity to respond to questionnaires. The subjects 
agreed to participate in the study by completing ques-
tionnaires. The study protocol was approved by the insti-
tutional Ethical Committee (Decision ID: 8028/1-2022). 

Demographic, clinical and treatment-related data 
were obtained from medical records. Body Mass Index 
(BMI) was calculated by dividing an individual’s weight 
in kilograms by the square of height in meters. Values 
between 18.5 and 24.9 were considered within a healthy 
weight, whereas BMI ≥25 denoted overweight patients. 
Venous blood samples for laboratory analyses were drawn 
at the mid-week session upon routine monthly check-
ups according to the standard protocol for HD patients’ 
follow-ups. Dialysis in the center was performed within 
commonly established regulations and protocols. 

Instruments

The patients were administered the International Phys-
ical Activity Questionnaire (IPAQ ) and the Pittsburgh 
Sleep Quality Index (PSQI). 

The IPAQ-short form consists of 7 questions related 
to the frequency and time spent performing vigorous, 
moderate and walking activities, as well as the average 
time spent sitting in the previous 7 days. Data collected 
with IPAQ is reported as median MET-minutes, where 
MET stands for the metabolic equivalent of task, denot-
ing the proportion of energy expenditure in certain ac-
tivity compared to energy expenditure at rest. One MET 
corresponds to the energy expenditure of 1 kcal/kg/h, 
walking corresponds to 3.3 METS, moderate physical 
activity to 4 METS and vigorous physical activity to 8 
METS. Weekly physical activity reported by IPAQ was 
calculated as the sum of MET-minutes per week and cat-
egorized as low (≤600 MET-min/week), moderate (600-
3000 MET-min/week) and vigorous (≥3000 MET-min/
week). The IPAQ has been validated in different popu-
lations and has been previously used to assess physical 
activity in CKD and HD patients (12, 13). 

PSQI consists of 19 self-rated questions to assess the 
quality of sleep in the previous 4 weeks (14). Each ques-
tion yielded information related to 7 specific sleep com-
ponents: subjective sleep quality, sleep latency, sleep 
duration, sleep efficiency, sleep disturbance, use of sleep 
medication, and level of daytime dysfunction. Sleep la-
tency represents the time it takes to transit from full 
wakefulness to sleep. Recommended sleep latency is less 
than 20 minutes. Sleep efficiency is the ratio of time spent 
asleep (total sleep time) to the amount of time spent in 
bed.  The reference range for sleep efficiency is 80 - 95%. 
Each component was scored from 0 to 3 to form a final 
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PSQI score between 0 and 21 where higher scores indi-
cated lower quality of sleep. PSQI ≥5 denotes poor sleep 
quality. The questionnaire has been previously used in 
the HD population (7, 15). 

Statistical Analysis

Data analysis was performed using IBM SPSS statistics 
for Windows, ver. 26 (Armonk, NY: IBM Corp.). Popu-
lation characteristics were analyzed with descriptive sta-
tistics. Continuous variables were depicted using mean 
and standard deviations, whilst categorical variables were 
expressed as percentages. Continuous variables were an-
alyzed by comparison of means with the Student’s t-test. 
Categorical variables were analyzed with Pearson chi-
square test or linear by linear association. The Spearman 
correlation coefficient was used to assess the correlation 
between IPAQ and PSQI. Differences were considered 
significant if the p-value of the test was less than .05.

RESULTS

Demographic, clinical and dialysis-related characteris-
tics of the study population are presented in Table 1. The 
study population consisted of 41 men and 30 women, the 
age range was 35 – 94 years, and the dialysis vintage was 
6 – 216 months. Most patients were 65 years or older. 
Only 2 patients (2.8%) were actively employed. None of 
the patients were malnourished according to BMI values. 
Underlying renal disease was hypertension in 27 patients 
(52.1%), diabetes in 12 patients (16.9%), glomerulone-
phritis in 11 patients (15.5%), polycystic renal disease in 
7 patients (9.9%), obstructive nephropathy in 3 patients 
(4.2%), and one patient (1.4%) had congenital disease. 
HD was performed according to standard protocols on 
a thrice- weekly basis, using machinery with controlled 

ultrafiltration, bicarbonate-based dialysate and high and 
low f lux dialyzers. Exactly half of the patients were dia-
lyzed in the morning shift. 

Sleep Quality

Nearly half of the patients (33; 46.5%) were poor sleep-
ers with an overall PSQI of 5.7 ± 4.4. Patients slept 6.5 
± 1.6 hours per night on average. Average sleep latency, 
sleep efficiency, and subjective sleep quality grade were 
31.2 ± 36.3 minutes, 71.2 ± 21.5% respectively, and 1.7 
± 0.8 respectively. Older age was significantly associated 
with poor sleep (p=0.019), while none of the other de-
mographic variables, dialysis vintage and comorbidities 
were associated with sleep quality (Table 2). Also, no 

Study sample (n) 71
Gender (n, %)
Male 41 (57.7%)
Female 30 (42.3%)
Median age (years) 71
Age range (n, %)
18 – 39 3 (4.2%)
40 – 64 14 (19.7%)
65 years and above 54 (76.1%)
Nutrition status (n, %)
Healthy weight 33 (46.5%)
Overweight 38 (53.5%)
Smoking habit (n, %) 31 (43.7%)
Comorbidities (n, %)
Cardiovascular 27 (38.0%)
Cerebrovascular 32 (45.1%)
Hypertension 54 (76.1%)
Diabetes 20 (28.2%)
Respiratory 4 (5.6%)
Renal osteodystrophy 27 (38.0%)
Median dialysis vintage (months) 36
Adequate dialysis (n, %) 47 (66.2%)

Table 1. Basic demographic, clinical and dialysis-related character-
istics of the population

Variable Good sleepers Poor sleepers p
Age (years) 18 - 39 3 (7.9%) 0 (0%) 0.019*

40 – 64 10 (26.3%) 4 (12.1%)
≥65 25 (65.8%) 29 (87.9%)

Sex (male, %) 24 (63.2%) 17 (51.5%) 0.320
Smoking habit (n, %) 19 (50.0%) 12 (36.4%) 0.248
Nutrition status Healthy weight 16 (42.1%) 17 (51.5%)

Overweight 22 (57.9%) 16 (48.5%) 0.431
Dialysis vintage <36 months (n, %) 20 (52.6%) 15 (45.5%) 0.546
Adequate dialysis (n, %) 26 (68.4%) 21 (63,6%) 0.671
Cardiovascular disease (n, %) 11 (28.9%) 16 (48.5%) 0.091
Cerebrovascular disease (n, %) 18 (47.4%) 14 (42.4%) 0.676
Hypertension (n, %) 29 (76.3%) 25 (75.8%) 0.956
Diabetes (n, %) 12 (31.6%) 8 (24.2%) 0.493
Renal osteodystrophy (n, %) 17 (44.7%) 10 (30.3%)
Physical activity Low 16 (42.1%) 14 (42.4%) 0.591

Moderate 18 (47.4%) 18 (54.5%)
Vigorous 4 (10.5%) 1 (3.0%)

Table 2. Comparison of demographic data, comorbidity, dialysis-related characteristics and physical activity status in good and poor sleepers
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statistically significant association was found between 
the quality of sleep and the level of reported daily phys-
ical activity in our patient’s cohort (Table 2).

Physical activity

Half of the patients (36; 50.7%) had moderate levels of 
physical activity, 30 patients (42.3%) had low physical 
activity, and only 5 individuals (7.0%) reported vigorous 
physical activity. No statistically significant associations 
were noted between patients’ demographic characteris-
tics, dialysis vintage, comorbidities and the level of physi-
cal activity (Table 3). 

Patients with moderate physical activity had the high-
est subjective sleep quality, those with vigorous daily ac-
tivity had the highest sleep duration and the lowest sleep 
latency, while sleep efficiency was optimum among indi-
viduals with the lowest physical activity. Nevertheless, 
there was no statistically significant difference related to 
the level of physical activity in any of the observed deter-
minants of sleep quality (Table 4). 

Distribution of good and poor sleepers was almost 
identical among patients with low and moderate physi-
cal activity (47% vs 53% and 50% vs 50% respectively), 
whereas patients with reported vigorous levels of physical 
activity were mostly good sleepers (20% vs 80%), but the 
difference between the groups was not statistically signif-
icant (p=0.591) (Figure 1). 

Analysis of the correlation between PSQI and IPAQ 
scores suggests that higher PSQI, denoting worse sleep 
quality, is associated with lower IPAQ (Figure 2), denot-

ing the lower level of physical activity, but this correlation 
was not statistically significant (rho=-0.06; p=0.960).

Variable Physical activity level p
Low Moderate Vigorous

Age (years) 18 – 39 2 (6.7%) 1 (2.8%) 0 (0%) 0.284
40 – 64 8 (26.7%) 4 (11.1%) 2 (40.0%)
≥65 20 (66.7%) 31 (86.1%) 3 (60.0%)

Sex (male, %) 18 (60.0%) 22 (61.1%) 1 (20.0%) 0.314
Smoking habit (n, %) 12 (40.0%) 16 (44.4%) 3 (60.0%) 0.699
Nutrition status Healthy weight 18 (60.0%) 13 (36.1%) 2 (40.0%) 0.454

Overweight 12 (40.0%) 23 (63.9%) 3 (60.0%)
Dialysis vintage <36 months (n, %) 14 (46.7%) 17 (47.2%) 4 (80.0%) 0.367
Adequate dialysis (n, %) 21 (70.0%) 22 (61.1%) 4 (80.0%) 0.853
Cardiovascular disease (n, %) 10 (33.3%) 16 (44.4%) 1 (20.0%) 0.839
Cerebrovascular disease (n, %) 12 (40.0%) 18 (50.0%) 2 (40.0%) 0.621
Hypertension (n, %) 21 (70.0%) 29 (80.6%) 4 (80.0%) 0.360
Diabetes (n, %) 9 (30.0%) 10 (27.8%) 1 (20.0%) 0.680
Renal osteodystrophy (n, %) 14 (46.7%( 10 (27.8%) 3 (60.0%) 0.551

Table 3. Comparison of demographic data, comorbidity, dialysis-related characteristics and quality of sleep related to the level of physical 
activity

Sleep determinant Physical activity level
Low
(Mean ± SD)

Moderate
(Mean ± SD)

Vigorous
(Mean ± SD)

P

Subjective sleep quality 1.60 ± 0.62 1.89 ± 0.95 1.40 ± 0.55 0.227
Sleep duration (hours) 6.70 ± 1.51 6.42 ± 1.71 6.80 ± 1.30 0.733
Sleep latency (minutes) 33.50 ± 38.59 29.94 ± 35.15 27.00 ± 37.35 0.894
Sleep efficiency (%) 72.50 ± 20.25 70.28 ± 21.32 70.00 ± 33.73 0.911

Table 4. Relationship between sleep determinants and daily physical activity

Figure 1. Quality of sleep among maintenance HD patients with dif-
ferent levels of physical activity
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DISCUSSION

The present study assessed physical activity and the quali-
ty of sleep in the end-stage kidney disease patients treated 
with maintenance in-center HD. Several methods were 
used in previous studies to measure the physical activity of 
dialysis patients: accelerometers, pedometers, and self-re-
ported questionnaires (16, 17).  Consumer-grade wearable 
tracking devices have recently emerged as a less expensive 
and more practical option than accelerometers, but more 
data are still needed on their validity and reliability. 

Previous research established that HD patients are 
less active than their healthy counterparts, with the most 
remarkable difference among the elderly (18). Also, pa-
tients with cardiovascular disease, ongoing inf lamma-
tion, protein-energy wasting, obesity, and diabetes ap-
pear predisposed to low physical activity levels, while 
previous transplantation and higher muscle mass were 
associated with higher physical activity (19). 

Earlier studies have demonstrated a significant rela-
tionship between older age and poor sleep quality among 
patients on maintenance HD (7), while the association 
between sleep quality and sex in this population yielded 
conf licting results (7, 20). In our study cohort, older age 
was also significantly associated with a higher prevalence 
of poor sleep quality, while other investigated demo-
graphic, dialysis-related and clinical parameters were not 
related to the quality of sleep in our study population.

Data on the relationship between demographic and 
clinical parameters and physical activity in HD patients 
are limited. One large study which recruited 1,611 HD 
patients from 27 dialysis facilities reported a significant 
association between older age and male sex and a high-
er level of physical activity in this population, but no as-
sociation with dialysis vintage and comorbidities (21). 
However, physical activity in this research was defined 
as regular exercise, thus not quite corresponding to the 
definition describing physical activity as any movement 
that causes energy expenditure, including, but not limit-
ed to, daily household activities and commuting. In our 
study population, we observed no significant association 
between the level of physical activity and demographic, 
clinical and dialysis-related indicators. One possible ex-
planation is that only a minor share of patients fit the cri-
teria for vigorous physical activity. 

The level of physical activity is known to be positively 
associated with sleep quality in healthy populations of all 

ages, with the most notable improvement in sleep-related 
to physical activity and exercise among older adults (22, 
23, 24). On the other hand, there are limited data on the 
relationship between physical activity and sleep quali-
ty in the ESRD population. Studies are scarce, sample 
sizes small, and methodologies highly variable (25, 26). 
Furthermore, interventional studies assessing the effect 
of different physical exercise programs on sleep quality 
in CKD and ESRD patients so far yielded inconclusive 
results. Preliminary evidence suggests improvements in 
self-reported sleep quality following exercise interven-
tions, but high heterogeneity and small effect size limit 
these results (27). In our study population, HD patients 
with lower levels of physical activity had worse sleep 
quality, as assessed by the implemented tools, but the cor-
relation was not statistically significant.

We acknowledge certain limitations to our study. The 
relatively low number of participants might present a statis-
tical bias in our conclusions. Moreover, we did not perform 
the nocturnal polysomnography as a gold standard for the 
diagnosis of sleep-disordered breathing that might influ-
ence patients’ sleep. Nevertheless, given the scarcity of data 
in this area we believe that inputs from this research might 
contribute to the insight on the complexity of the subject. 

CONCLUSIONS

Hemodialysis has a profound impact on patients’ lives, 
habits, daily routines and functioning. Thus, any inter-
vention that might be beneficial should be thoroughly 
explored. In this study, we confirmed a significant associ-
ation between poor sleep quality and older age in the HD 
population. No statistically significant association was 
found between the level of physical activity and quality of 
sleep in this cohort, but additional research with a larger 
sample should further elucidate this issue.
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FIZIČKA AKTIVNOST I KVALITET SNA KOD BOLESNIKA LEČENIH HRONIČNIM 
HEMODIJALIZAMA
Trbojević-Stanković Jasna1,2, Stanimirović Sanja3, Ristanović Ljubica4, Nešić Dejan1,5

Sažetak

Uvod/Cilj: Bolesnici na hroničnoj hemodijalizi često ima-
ju smanjenu fizičku aktivnost i loš kvalitet sna. Cilj ovog 
istraživanja bio je da se proceni nivo uobičajene fizičke 
aktivnosti i kvalitet sna kod bolesnika na hemodijalizi, 
kao i da se proceni povezanost između ova dva entiteta. 

Materijal i metode: Sedamdeset jedan hemodijalizira-
ni bolesnik je popunio Internacionalni upitnik o fizičkoj 
aktivnosti i Pitsburški upitnik o kvalitetu sna. Osnovne 
demografske, kliničke i karakteristike dijalizne terapije, 
kao i rezultati laboratorijskih analiza, dobijeni su iz elek-
tronskih istorija bolesti. Rezultati su obrađeni Studento-
vim t-testom, Pirsonovim hi-kvadrat testom, linearnom 
asocijacijom i Spirmanovom korelacijom. 

Rezultati: Gotovo polovina bolesnika (46,5%) ima loš 
kvalitet sna sa prosečnim PSQI 5,7 ± 4,4. Stariji bolesnici 

su imali značajno lošiji kvalitet sna (p=0,019). Fizička ak-
tivnost je bila niska kod 42,3% bolesnika, umerena kod 
50,7% i visoka kod 7%. Nije uočena značajna udruženost 
između nivoa fizičke aktivnosti, demografskih karakte-
ristika, dužine dijaliziranja i komorbiditeta. Distrubucija 
dobrog i lošeg kvaliteta sna bila je gotovo identična kod 
bolesnika sa niskom i umerenom fizičkom aktivnošću 
(47% vs 53%, odnosno 50% vs 50%), dok su bolesnici sa 
visokim nivoom aktivnosti češće dobro spavali (20% vs 
80%), ali bez statistički značajne razlike (p=0,591).

Zaključak: Nije uočena značajna povezanost između 
nivoa fizičke aktivnosti i kvaliteta sna kod  hemodijali-
ziranih bolesnika u ovom istraživanju. Ispitivanje većeg 
broja bolesnika moglo bi doprineti boljem uvidu u ovaj 
problem. 

Ključne reči: dijaliza, hemodijaliza, fizička aktivnost, kvalitet sna
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