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ABSTRACT Kidney transplantation is the gold standard treatment for
end stage renal disease. Despite the improvement in survival and qual-
ity of life, the prevalence of falls is higher in kidney transplant recipi-
ents. Factors that increase the risk for falls include female gender, older
age, impaired balance control, lower ankle dorsiflexion muscle strength,
high serum creatinine levels, and the use of antidiabetic medications.
Functional limitations, fatigue, low cardio-respiratory fitness, changes
in mineral metabolism lead to bone mineral disease in chronic kidney
disease and can finally play an important role in occurrence of acci-
dental falls in pre-transplantation period. Fractures without dislocations
or head injury-related hemorrhages constitute a majority for the serious
fall-related injury types. In addition to many factors such as cumulative
dose of corticosteroids, younger age at transplantation, hyperparathy-
roidism, vitamin D deficiency and renal osteodystrophy, risk of falls
also contribute to increased post-transplantation bone loss and fracture
risk. Hip fractures requiring hospitalization in the post-kidney trans-
plant period are associated with a higher risk of mortality. It is impor-
tant to understand the underlying mechanisms for falls in kidney
transplant recipients in order to prevent severe injuries including frac-
tures and decrease healthcare costs. The awareness of healthcare pro-
fessionals should be increased for falls in this specific population to
design multidisciplinary therapeutic approaches including risk factor
assessment, exercise programs and patient and caregiver education not
only for kidney transplant recipients but also for the patients waiting on
a transplantation list.
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OZET Bobrek nakli, son désnem bobrek yetersizliginin tedavisinde
altin standarttir. Yasam kalitesi ve sagkalimdaki gelismelere ragmen
bobrek nakli alicilarinda diisme prevalansi yiiksektir. Kadin cinsiyet,
ileri yas, bozulmus denge kontrolii, azalmis ayak bilegi dorsifleksor kas
kuvveti, yiiksek serum kreatinin diizeyi ve antidiyabetik ilag¢ kullanim1
diisme riskini artiran faktorler arasinda yer almaktadir. Fonksiyonel li-
mitasyon, yorgunluk, diisiik kardiyo-respiratuar uygunluk, mineral me-
tabolizmasindaki degisiklikler kronik bobrek yetersizliginde kemik
mineral hastaligina yol agmaktadir ve sonugta nakil 6ncesi donemde
kazara diigmelerin olusmasinda 6nemli bir rol oynamaktadir. Dislo-
kasyon olmaksizin gériilen kiriklar veya kafa travmasina bagli goriilen
hemorajiler diismeyle iliskili ciddi yaralanmalarin biiyiik bir kismini
olusturmaktadir. Kiimiilatif kortikosteroid dozu, erken yasta nakil
olmak, hiperparatiroidizm, D vitamini eksikligi ve renal osteodistrofi
gibi birgok faktore ek olarak diisme riski de bobrek nakli sonrast kemik
kaybi ve kirik riskinin artmasina neden olmaktadir. Bobrek nakli son-
ras1 donemde, hastane yatis1 gerektiren kalga kiriklari yiiksek mortalite
riskiyle iligkilidir. Bobrek nakli alicilarinda kiriklari igeren ciddi yara-
lanmalar1 6nlemek ve saglik harcamalarmi azaltmak i¢in diismeyle ilis-
kili mekanizmalarin anlagilmas: 6nemlidir. Bébrek nakli alicilarinda
ve bobrek nakli 6ncesi nakil listesinde bekleyen hastalarda risk faktor-
lerinin degerlendirilmesi, hasta ve hastaya bakim verenlerin egitimi ve
egzersiz programini igeren multidisipliner terapotik yaklasimlar tasar-
lamak i¢in saglik profesyonellerinin bu 6zel popiilasyondaki diisme-
lere yonelik farkindalig: artirilmalidir.

Anahtar Kelimeler: Denge kontrolii; disme; bobrek nakli

Kidney transplantation is the best treatment op-
tion for end stage renal disease and is associated with
remarkable benefits of survival and quality of life.!
Even if kidney function improves after transplanta-
tion, kidney transplant recipients (KTR) have still
chronic kidney disease in addition to gradual decrease
in graft function due to chronic allograft nephropa-

thy.? Because of risk factors including chronic kid-
ney disease, glucocorticoid-induced osteoporosis and
aging, KTRs could have high-risk for sarcopenia.’
The prevalence of sarcopenia in KTRs ranging from
11.8 to 49.6% is associated with impaired renal func-
tion.>* Bone diseases, changes in bone density and
bone quality are one of the major causes of post-kid-
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ney transplant morbidity.* Rapid bone loss occurs es-
pecially during the first six months after transplan-
tation. Glucocorticoids, usually prescribed in high
doses after transplantation, have reported to be re-
sponsible for low femoral neck and lumbar spine
bone mineral density.’ KTRs have high fracture risk
compared to general population and patients re-
ceiving dialysis.®” Functional limitations, fatigue,
low cardio-respiratory fitness, changes in mineral
metabolism lead to bone mineral disease in chronic
kidney disease and can finally play an important role
in occurrence of accidental falls in pre-transplanta-
tion period.® In addition to many factors such as cu-
mulative dose of corticosteroids, younger age at
transplantation, hyperparathyroidism, vitamin D de-
ficiency and renal osteodystrophy, risk of falls also
contribute to increased post-transplantation bone loss
and fracture risk.*

In fact, falls risk is not only a post-transplant
consequence, but also higher in patients on trans-
plantation waiting list. Therefore, understanding of
the underlying mechanisms for fall risk in patients
with chronic kidney disease, will help to prevent falls
in post-transplant period.

There are many studies addressing falls and the
consequences of falls in KTRs, but none of them are
review articles. In this context, the literature was
searched using the keywords such as kidney, renal,
kidney transplant, chronic kidney disease, end-stage
kidney disease, falls, risk factors for falls, fracture,
consequences of falls. So, we synthesized the current
kidney transplant literature to provide information
healthcare professionals in this review.

I FALLS RISK IN PATIENTS WAITING FOR
KIDNEY TRANSPLANTATION

Adult patients of all ages with end-stage kidney dis-
ease have a higher risk for falls, similar to commu-
nity-dwelling older adults, and falls occur in 1.2-1.7
per patients-year
hemodialysis and peritoneal dialysis.’ In chronic kid-
ney disease, falls are a result of complex interaction
of risk factors including female gender, older age,
psychotropic medication and polypharmacy (specif-

among patients undergoing

ically responsible for postural hypotension), cogni-
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tive dysfunction, comorbidities, malnutrition, hemo-
dynamic and metabolic instability caused by dialysis
therapy, muscle weakness, frailty, and impaired bal-
ance control.!*!!

Uremic syndrome occurs parallel to a gradual
decline in glomerular filtration rate and, as a com-
pensation mechanism, multiple sclerosis develops in
the endothelial layer leading to decreased nephron
function and accumulation of toxins and wastes.
Hence, uremic myopathy occurs due to the toxic ef-
fects on muscle cell mitochondria.'? Hellberg et al.
indicated relationships between decreased glomerular
filtration rate, an important parameter for kidney
function, and lower physical performance and also
frailty." In kidney transplant candidates, a history of
falls and recurrent falls are associated with lower ex-
tremity impairment and frailty. The most important
points for the falls in kidney transplant candidates are
the decreased chance of listing and increased risk of
transplant waitlist mortality.'* Therefore, fall risk
should be addressed in detail for this population and
preventive approaches should be planned for each
risk factor during the whole transplantation waiting
process.

I FALLS IN KTRS

Kidney transplantation provides better outcomes than
dialysis, however at least a period of dialysis history
is a risk factor for serious fall injuries in patients with
end stage renal disease. Fall injuries could adversely
affect access to kidney transplantation even on a wait-
ing list. End-stage renal disease patients with a his-
tory of serious fall injuries have less likely to be
waitlisting and have lower chance of receiving a kid-
ney transplant.'® Lynch et al. indicated a 2.8% preva-
lence of serious fall injuries in KTRs, and longer
length of stay, increased graft failure and lower post-
operative survival which were associated with seri-
ous fall injuries during the last pre-transplant year.'°
Fractures without dislocations or head injury-related
hemorrhages constitute a majority for the serious fall-
related injury types.'® Remarkably, hip fractures re-
quired hospitalization were associated with higher
mortality risk after kidney transplantation.'” There-
fore, it is very important to clarify the underlying
mechanisms and prevent falls in KTRs to improve



Hatice Nihan BOZKURT et al.

Turkiye Klinikleri J Health Sci. 2023;8(2):362-8

graft survival, diminish fracture risk and healthcare
costs.

A fall is defined as ‘an event which results in a
person coming to rest inadvertently on the ground or
floor or other lower level’ by The World Health Or-
ganization.'® Balance control is required to achieve
many static and dynamic activities in daily life and
impaired balance control can lead to falls. There-
fore, assessment of balance control using either ob-
jective methods or clinical tools could help to
detect increased fall risk. Zanotto et al. showed a
deterioration in balance control of KTRs compared
to healthy controls.” In another study, Zanotto et
al. evaluated balance control using stabilometric
platform and indicated 1.6-4.3 times greater fall
prevalence in KTRs than general population.?’
They also reported poor balance control as a signifi-
cant risk factor for falls after kidney transplantation.?
In addition to these objective measurements, func-
tional clinical tools for fall risk can also be used.
Lorenz et al. compared balance control using Short
Physical Performance Battery before and after trans-
plantation.?! Deteriorated balance control perfor-
mance in pre-transplant period was associated with
higher risk of longer hospitalization and 30-day re-
hospitalizations following transplantation.?! Esposito
et al. assessed KTRs with Timed Up & Go Test
(TUG) and reported significant mobility limitations,
indicated as TUG duration more than 10 seconds, in
21.9% of the patients.”> TUG scores were inversely
associated with glomerular filtration rate and muscle
strength. 3.8% of the patients in that study have fallen
at least once in the last year.”> Sedaghat et al. showed
an association between lower glomerular filtration
rate and higher prevalence of fall in participants with
poor gait performance.?* Impaired kidney function
could impact gait performance via the accumulation
of neurotoxins leading to b2-microglobulin deposi-
tion in joints and connective tissue, axonal demyeli-
nation and augmented inflammatory cytokines,
consequently these factors might cause loss of mus-
cle mass, muscle weakness and poor balance con-
trol.”*> Balance impairments and mobility limitations
in KTRs may inversely affect functional indepen-
dence in daily life activities.
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I RISK FACTORS FOR FALLS IN KTRS
FEMALE GENDER AND OLDER AGE

Individual’s gender and age may influence uninten-
tional falls.** Due to the prolonged life expectancy,
the incidence of increases in women parallel to
aging.”* Female gender and increased age (>65 years)
have been found to be the determinants of fall risk in
hemodialysis patients suggesting the importance of
bone structure changes as a consequence of decreased
estrogen levels.”® In a study of Naylor et al., 3-year
cumulative incidence of falls was 7.9% in overall par-
ticipants, but the highest incidence was in women
KTRs aged 50 years or older (11.1%).° The factors
mentioned above may be responsible for increased
fall rates in female recipients, but further research
are required to measure the possible effects of gen-
der and older age on fall risk after kidney trans-
plantation.

BALANCE CONTROL

Poor balance control has been identified as one of the
main risk factors for falls in elderly people.?® Kasbia
et al. found impairments in balance control by using
TUG in most of elderly KTRs and 21% of their par-
ticipants experienced an accidental fall at least once
in the last 12 months.?”” Even though, Zanotto et al.’s
study population was remarkably younger (mean
age=52.3 years), 33.9% of their participants had a
history of fall at least once in the last year.?” In their
study, balance control performance was worse for
fallers and poor balance control was found to be a sig-
nificant risk factor for falls in KTRs.?° Malnutrition,
oxidative stress, and chronic inflammation leading
to muscle weakness in chronic kidney disease, may
result in poorer balance performance.?* The other
mechanism for impaired balance control may include
neurotoxic side effects of immunosuppressive treat-
ment such as peripheral neuropathy and tremor.?’
Although Lorenz et al. showed improvements in bal-
ance performance following kidney transplantation,
Zanotto et al. indicated a worse balance control in
KTRs compared to healthy controls suggesting a
poorer capacity of relying on proprioceptive infor-
mation. %!
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MUSCLE STRENGTH

Loss of peripheral and respiratory muscle strength is
one of the most common complications in KTRs.
Painter et al. found lower muscle strength and mass
in a kidney recipient compared to his twin donor.?®
Although the muscle fiber composition was identi-
cal, the cross sectional area of all muscle fiber types
were decreased in twin recipient.?® Alterations in pro-
tein synthesis as a consequence of kidney failure may
have effect the muscle ultrastructure.?® In Harada et
al.’s study, successful kidney transplantation resulted
in reductions in water, bone and muscle mass, while
increasing body fat mass without changing the body
mass index.” Increased fat mass could inversely af-
fect muscle mass, presumably chronic inflammatory
situation caused by high body fat, which also con-
tributes to a decrease in muscle mass and strength.*

Sarcopenia is defined as the age-related invol-
untary loss of skeletal muscle mass, strength, and
function.’! Yanishi et al. demonstrated the relation-
ship between longer duration of dialysis and in-
creased incidence of sarcopenia, suggesting the
relationship between protein intake restriction during
dialysis period and post-transplant sarcopenia.* Flo-
riano et al. also showed a positive correlation be-
tween uric acid levels and muscle mass/strength of
the lower limb muscles in KTRs suggesting the pos-
sible protective properties of uric acid against the ex-
cesses of reactive oxygen and nitrogen species
influencing muscle fiber activation, size and excita-
tion-contraction.’” Another predisposing factor for
decreased muscle mass is new-onset diabetes after
kidney transplantation. Adachi et al. observed in-
creases in intramuscular adipose tissue content ag-
gravated by the new-onset diabetes in KTRs.** It may
be attributed to the higher blood levels of interleukin-
6 and C-reactive protein resulting in insulin resistance
and reduce in muscle mass particularly in sarcopenic
obesity.** Insulin has a role to stimulate protein syn-
thesis and lower extremity neuropathy has been
found to be strongly associated with muscle weak-
ness in diabetic patients due to decreased muscle syn-
thesis.*

Significant increases in respiratory and periph-
eral muscle strength were found following kidney
transplantation compared to pre-transplant period.*
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However, respiratory muscle strength were still
below normal levels and peripheral muscle strength
was significantly lower than healthy controls.?*3*
Zanotto et al. showed ankle dorsiflexion muscle
strength was considerably lower for fallers and was a
predictor factor of fall risk in KTRs.?” Kestenbaum
et al. found a direct association between impaired
skeletal muscle mitochondrial bioenergetics and poor
physical performance measured by 6-minute.*® Al-
though the underlying mechanism is not clearly de-
fined, dysfunction of mitochondrial metabolism may
impair functional independence.

INCREASED SERUM CREATININE

The monitoring of kidney functions in the first year
after transplantation is important for renal graft func-
tion and survival.’” Serum creatinine is the most
widely used biomarker of kidney function. Creatinine
can also be used in acute rejection episodes and in
combination with blood drug concentrations to assess
the toxicity of immunosuppressants.*’** In study of
Odden et al., increased serum creatinine levels were
associated with higher rates of functional limitation
after adjustment for age, chronic health conditions,
lean mass, physical activity and physical function in
the elderly.® Although the direct relation between
serum creatinine level and fall risk in KTRs has not
been studied yet, fall incidence was reported to be
higher in KTRs with increased serum creatinine lev-
els compared to patients with normal serum creati-
nine level.*’

ANTIDIABETIC MEDICATIONS

Diabetes mellitus is the most common cause for
chronic kidney disease.*! New-onset diabetes is also
one of the most common complications after kidney
transplantation affected by age, ethnicity, obesity, im-
munosuppression, and cytomegalovirus infection.*
New-onset diabetes is associated with increased mor-
bidity, cardiovascular disease, graft failure and the
health-care costs.*? Insulin or oral hypoglycemic
medications are commonly used for hyperglycemia.
However, studies indicated the effect of insulin ther-
apy on increased fall risk compared to oral antidia-
betic agents.** Inversely, oral medications such as
metformin and thiazolidinedione, have not been
shown to have a direct relationship with fall incidence
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although metformin was reported to be associated
with vitamin B, deficiency which could increase fall
risk causing peripheral neuropathy.* Thiazolidine-
dione have been demonstrated to increase the risk of
fractures.® There is insufficient evidence in different
populations, although in study of Tekkarismaz et al.,
fall incidence increased in KTRs parallel to the use of
oral antidiabetic medications.*’ Various antidiabetic
medications are used to overcome new-onset diabetes
after kidney transplantation. Although the underlying
mechanism is not clearly defined, the possible effects
of antidiabetic drugs on falls should be addressed in
further studies.

I CONCLUSION

Falls are multifactorial after kidney transplantation
(Figure 1). Female gender, older age, impaired bal-
ance control, lower ankle dorsiflexion muscle
strength, increased serum creatinine levels and an-
tidiabetic medications are predisposing factors asso-
ciated with increased risk of falls. Falls and fall
related injuries lead to graft failure and increased
healthcare costs. Therefore, awareness of clinicians
and health care providers for falls and risk factors
need to be increased and severe consequences asso-
ciated with falls increasing morbidity and mortality
should be prevented by a multidisciplinary approach.
KTRs should be screened for fall related risk factors,
and prevention of falls are very important to improve
patient outcomes after kidney transplantation. Effec-
tive strategies should be planned including fall
recording procedures, long term follow-up screen-
ings, multidimensional risk factor analysis, exer-
cise programs, therapeutic interventions, and
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FIGURE 1: Possible risk factors for falls after kidney transplantation.

patient and caregiver education not only for KTRs
but also for the patients waiting on a transplanta-
tion list.
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