




tation was associated with significantly higher percen-
tages of deep stages of sleep in contrast to a reduction
in sleep stage 1. Sleep efficiency tended to increase,
and a reduction in the number of arousals was also ob-
served. Although a reduction in the number of patients
with SDB was demonstrated, there was no statistical sig-
nificance in this improvement (Table 3). There was no
correlation between AHI or variation in AHI with the
clinical and laboratory variables. There were also no cor-
relations between changes in AHI with modifications in
the sleep stages.

Figures 1 and 2 show the development of patients with
AHI �5 in the two phases of the study. Of the nine indi-
viduals with AHI � 5 before kidney transplantation, eight
demonstrated some reduction in AHI, while one individual
showed a worse picture. On the other hand, of the seven
individuals with AHI �5 after kidney transplantation, five
showed lower levels in the dialysis phase. In the group as a
whole, 22 patients showed a reduction in AHI, and 12 had
an increase in AHI. When we analysed only the group with
AHI �5 prior to transplantation, there was a significant re-
duction in AHI (15.4 ± 7.8 vs 4.4 ± 4.4, pre- and post-
transplantation, respectively; P = 0.008). Considering only
patients with AHI <5 prior to transplantation, the differ-
ence was not significant (1.6 ± 1.3 vs 2.7 ± 4.5, pre- and
post-transplantation, respectively; P = 0.21).

Discussion

Sleep disturbances show a high prevalence in dialysis pa-
tients. Subjective sleep complaints are reported in up to
80% of those surveyed. SDB, restless syndrome and period-
ic limb movement disorder are much more prevalent than in
the general population [6]. Thirty-four ESRD patients on
chronic haemodialysis who received a living donor kidney
transplant and underwent polysomnographic studies prior to
and after that are described. They served as their own con-
trols, prior to and after transplantation. We found a high
prevalence of SDB in the population while undergoing dial-
ysis (26.5% of the patients with AHI � 5), regardless of sleep
complaints, confirming other studies [25–28].

Sleep deprivation has been implicated as a cause of im-
paired immune function [29,30] and cardiovascular dis-
ease [31]. Our findings about sleep quality are similar to
those of previous studies that have demonstrated a short
and fragmented sleep in patients on chronic dialysis
[11,32–34], with increased amounts of stage 1 and de-
creased sleep efficiency and slow-wave sleep. In our study,
kidney transplantation was associated with an increase in
slow-wave sleep and a decrease in stage 1 sleep, with a
trend for higher sleep efficiency. Various factors have
been proposed as being associated with the improvement
of sleep architecture after transplantation, such as the re-
duction in periodic limb movements during sleep (PLMS)
and restless legs syndrome (RLS), correction of anaemia
and disturbances in calcium and phosphorus metabolism,
and the recovery of renal function [35,36]. In our study,
there were no correlations between improvement in sleep
pattern and the modifications of clinical parameters or
AHI, such that we could not determine which factors were
responsible for the better quality of sleep after transplan-
tation. The improvement in sleep architecture could pos-
sibly explain part of the better quality of life after kidney
transplantation.

Previous case reports have demonstrated an improve-
ment in SDB after kidney transplantation in three patients
[12,13]. More recently, a study of 841 patients submitted
to kidney transplantation demonstrated, through the use of
self-administered questionnaires, that such individuals
show a high risk for sleep apnoea syndrome [37]. How-
ever, no polysomnographic examinations were performed
that could prove these alterations. Two longitudinal studies
were able to analyse the presence of sleep apnoea in renal
transplantation utilizing polysomnographic examinations,
but with discrepant results. While one study demonstrated
a reduction in AHI in eight of nine of the individuals stud-
ied [14], another, evaluating 18 patients before and after
living donor renal transplantation [15], yielded findings
similar to ours, in that, transplantation does not lead to
the cure of alterations, since of the eleven patients with
AHI >10 in the first phase of the study, only three showed
improvement after transplantation. In both studies, the
groups consisted of individuals with some type of clinical
suspicion, which in a way tend to demonstrate an elevated
prevalence of alteration. The authors of the aforemen-
tioned studies did not mention possible new cases of al-
terations arising after transplantation. Later, a report of

Fig. 2. AHI in patients with AHI � 5 post-transplantation.

Fig. 1. AHI in patients with AHI � 5 pre-transplantation.
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47 patients also demonstrated a high prevalence of SDB in
a transplantation group, but without demonstrating data
before transplantation [38].

In the general population, SDB is clearly associated
with male gender [5], older age [39] and obesity [40]. Such
relationships are less evident in ESRD-related SDB, and
findings from previous studies have been controversial
[6,25,41]. In our study, the majority of patients were
young, which could have contributed to a lower prevalence
of changes in relation to similar studies. SDB is also asso-
ciated with diabetes [42], cardiac disorders [43] and pul-
monary diseases [44]. In our study, patients with these
diagnoses were excluded to avoid confounding factors that
could be causes of sleep disturbances.

In our study, AHI declined in most subjects with pre-
transplant SDB while it increased in some subjects without
pre-transplant SDB. Of the nine individuals with SDB be-
fore kidney transplantation, three persisted with alterations
after transplantation, and four others showed SDB only in
the second phase of the study. The results of our study con-
firm that the prevalence of SDB still persists at a high level
after kidney transplantation. In fact, twelve patients had
even higher indices than during chronic haemodialysis.
The heterogeneous distribution of the changes reinforces
the possibility of multifactorial mechanisms in which dif-
ferent factors may be involved in each situation.

It is well known that conventional haemodialysis does
not reduce the prevalence or severity of SDB in ESRD pa-
tients, but previous studies have described improvements
in subjects undergoing nocturnal haemodialysis [45] and
cycle-assisted peritoneal dialysis [46]. The authors of the
aforementioned studies and a recent review of the associ-
ation between SDB and peritoneal dialysis [47] did consid-
er that such reduction of sleep disturbances could be
related to a better clearance of uraemic toxins, supporting
a direct effect of uraemia on respiratory control, or to a
better fluid clearance. Recent studies have demonstrated
a high prevalence of SDB in non-dialysed chronic renal
failure patients [48,49]. Other factors such as metabolic ac-
idosis, uraemic myopathy or neuropathy, anaemia, hor-
monal imbalance, fluid overload, inflammatory cytokines
and the dialytic process itself have been considered as pos-
sibly associated with the high prevalence of SDB in ESRD
patients [6,10,12,50]. Several of these factors persist after
transplantation and should be considered as possible con-
tributors to the high frequency of SDB.

On the other hand, other factors typically associated
with SDB appear with kidney transplant. SDB and dis-
rupted sleep have been described as being related to
Cushing's disease and to corticosteroid effects [51], so a
contribution of immunosuppressive drugs to the high fre-
quency of SDB in our study cannot be excluded. A recent
Italian study compared polysomnographic data of 163
kidney transplant patients with two control groups [16].
In the first case, the data utilized were from pulse oxime-
try of individuals matched by weight, age and sex. Also
compared were data from the Wisconsin study cohort
which included 602 North Americans. In both cases, the
authors did not find any differences in prevalence of SDB
in relation to the control groups. There are no data of
polysomnographic studies before transplantation that al-

low the comparison of the development of changes. The
authors concluded that the prevalence of SDB in trans-
planted patients did not differ from that in the general
population. The high prevalence of SDB in transplanted
patients could be associated to weight gain. In fact, in
our study, there was substantial weight gain after kidney
transplantation. Although we did not find any association
between changes in BMI and in AHI, the possible contri-
bution of weight gain after kidney transplantation cannot
be excluded and warrants better future investigations.

Considering the important association of SDB with car-
diovascular events and high cardiovascular mortality in
kidney transplant patients, new studies are needed to de-
termine which factors are involved in the persistence of
SDB in this population.
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