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Abstract 

Introduction: Kidney transplant recipients have an increased risk of getting fractures post 

transplant. The existing guidelines are based on clinical experience but are not supported by 

evidence based studies. There are no existing data on values of bone mass density at the time for 

transplantation in these patients.     

 

Aim: To gather data of bone mass density at the time of transplantation and to see if there is a trend 

over time in bone mass density.  

 

Material and methods: Bone density measurements by DXA have been evaluated 

retrospectively. A total of 730 patients received a renal transplant at Uppsala University hospital 

during the years of 2005 to 2012, of which 725 were included in the study. They were divided into 

two groups based on first time transplant or re-transplant. Data were collected from medical records 

and databases.  

 

Results: Z-score of BMD testing show that first time renal transplant have a normal bone mass in 

both lumbar spine and total hip. There is a significant difference between the two groups where re-

transplanted subjects have lower bone mass density. No difference over time can be seen. Both 

groups have a secondary hyperparathyroidism but with values within recommended levels. 

 

Conclusion: The bone mass density in first time kidney transplant recipients is normal. It might be 

that treatment with corticosteroids is responsible for the increased risk of getting a fracture, since 

the re-transplanted subjects had a significantly lower BMD by the time of their re-transplantation.  
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Sammanfattning 

Introduktion: Njurtransplanterade har en ökad risk att få frakturer efter transplantationen. De 

riktlinjer som finns är baserade på klinisk erfarenhet men stöttas inte av evidensbaserade studier. 

Det finns i nuläget inga uppgifter på hur bentätheten ser ut hos njurtransplanterade vid tidpunkten 

för transplantation.  

 

Syfte: Att samla in data för hur bentätheten ser ut vid tidpunkten för transplantation samt att titta på 

om det finns någon trend över tid i bentäthetsmätningar gjorda mellan 2005-2012.  

 

Material och metod: Bentäthetsmätningar gjorda med DXA har utvärderats retrospektivt. Totalt 

730 patienter genomgick en njurtransplantation mellan 2005 och 2012 på Akademiska sjukhuset i 

Uppsala. Av dessa blev totalt 725 inkluderade i studien. Deltagarna delades upp i två grupper 

baserat på om det var deras första transplantation eller om det var en retransplantation. Data 

samlades in från journalsystem och databaser.  

 

Resultat: Bentäthetsmätningarna med z-score visar att förstagångstransplanterade har en normal 

bentäthet i både ländrygg och höft. En signifikant skillnad syns mellan de två grupperna där de 

retransplanterade deltagarna har en sämre bentäthet. Ingen trend över tid kan ses. Båda grupperna 

har en sekundär hyperparatyroidism men med värden som ligger inom rekommenderade nivåer. 

 

Konklusion: Bentätheten hos förstagångstransplanterade är normal. Det skulle kunna vara så att 

behandlingen med kortikosteroider är ansvarig för den ökade risken att få en fraktur eftersom den 

retransplanterade gruppen hade en signifikant lägre bentäthet vid tidpunkten för deras 

retransplantation.   
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Populärvetenskaplig sammanfattning  

Kronisk njursjukdom är ett ökande folkhälsoproblem i såväl industriländer som utvecklingsländer. 

Njursvikt i slutstadiet behandlas med livslång dialys eller med njurtransplantation. Allteftersom 

vården utvecklas och blir bättre uppstår nya problem som långvarig nedsättning av immunförsvaret 

med infektioner och cancer, hjärtkärlsjukdomar och ben- och mineraliseringssjukdomar. 

Benvävnaden består av olika proteiner och byggstenar men också till stor del av mineraler som 

kalcium. Benet är i ständig förändring och cellerna i benet byts ut under livet. Till en början sker 

förändringarna så att det blir en positiv balans vilket innebär att det bildas mer ben än vad som bryts 

ned. I 25-årsåldern är benet som starkast och förblir i denna fas till 45-50 års ålder. Därefter sker 

mer nedbrytning än uppbyggnad. För att benet ska kunna byggas upp och bli starkt krävs tillgång 

till kalcium, men även övriga kroppen behöver kalcium i olika processer. Kalcium får vi i oss via 

födan och det utsöndras via njurarna och urinen. För att göra detta på mest effektiva sätt krävs även 

tillgång till vitamin D. Vitamin D bildas i huden i kontakt med solljus och det kan i viss mån även 

intas via föda i en annan form. Oavsett vilken väg D-vitaminet kommer, behöver det omvandlas till 

en aktiv form och detta sker i njurarna. Hos en person med njursvikt, det vill säga en gravt nedsatt 

funktion av njurarna, påverkas ett flertal ämnen i kroppen när njurarna inte kan utsöndra överskott 

eller minska utsöndringen av andra ämnen vilket bland annat leder till ett sämre upptag av kalcium 

ur tarmen på grund av brist på aktivt vitamin D. Det stimulerar även bildning av ett hormon som 

reglerar kalciumomsättningen. Detta gör att när andra delar av kroppen behöver kalcium, till 

exempel hjärtat, så frisätts detta från benet som i sin tur blir svagare och kan blir skört, det har 

utvecklats benskörhet.  

 

Både hos patienter i dialys och hos patienter som genomgått en njurtransplantation har man sett att 

det finns en ökad risk att bryta ben i kroppen, att få en eller flera frakturer på grund av njursvikten 

och av själva behandlingen i dialys. De som njurtransplanteras får dessutom i princip alltid 

behandling med kortison för att hindra kroppens eget immunförsvar att ge sig på den nya njuren. 

Tyvärr kan kortison också bidra till benskörhet. Det finns väldigt lite forskning gjord på detta ämne 

som det ser ut idag och man vet därför inte vilka man ska ge förebyggande behandling eller hur man 

ska kunna lista ut vilka som har en ökad risk för att få frakturer. Hos personer som är njurfriska men 

som har fått benskörhet brukar man mäta bentätheten med en sorts röntgenapparat för att se vilka 

som har en risk för att bryta något ben och vilka som ska ha behandling. Vi har mätt bentätheten hos 

725 stycken njurtransplanterade personer på Akademiska sjukhuset i Uppsala inom tre månader 

efter deras transplantation. 616 av dessa genomgick sin första transplantation och 109 gjorde sin 

andra, tredje eller fjärde transplantation och delades in i två grupper, en med 
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förstagångstransplanterade och en med de som transplanterats två eller fler gånger. Mätningarna har 

skett mellan 2005 och 2012 och resultaten av dem har hämtats ur patientjournaler. Dessa mätningar 

visar att bentätheten mätt med denna röntgenmetod inte är så dålig som man kunde trott hos de som 

transplanterats en första gång. Bentätheten är jämfört med en frisk population i princip lika. 

Däremot kan man se att de som transplanterats två eller fler gånger har en klart försämrad bentäthet.  

 

Vad man vet genom tidigare forskning är att alla njurtransplanterade har en ökad risk att bryta något 

ben i kroppen, så det kanske är så att det inte är rätt metod att mäta bentätheten med för att hitta 

dem som har en ökad risk för fraktur. Men det skulle också kunna förklaras av att alla som 

transplanteras får kortison vars effekt då inte skulle ha hunnit sätta in vid tidpunkten för 

transplantation. Det skulle också kunna förklara skillnaden mellan grupp 1 och grupp 2 i bentäthet.  

 

Det finns inga tidigare värden på bentäthetsmätningar hos njurtransplanterade i samband med deras 

transplantation, så detta skulle kunna användas som en referensmall för mätningar hos framtida 

njurtransplanterade. Mer forskning måste göras inom detta område för att säkert kunna avgöra vilka 

som löper den största risken att få frakturer och vilka som behöver förebyggande behandling för att 

minska mycket lidande och även minska stora kostnader för samhället för behandling av frakturer.         
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Abbreviations 

BMD Bone Mass Density 

CKD Chronic Kidney Disease 

CKD-MBD Chronic Kidney Disease – Mineral and Bone Disorder  

DXA Dual energy X-ray Absorptiometry 

HD Hemo dialysis 

iPTH intact Parathyroid hormone  

KDIGO Kidney Disease Improving Global Outcomes  

KDOQI Kidney Disease Outcomes Quality Initiative  

KTR Kidney Transplant Recipient 

LS Lumbar spine  

PD Peritoneal Dialysis  

PTH Parathyroid hormone  

RANK Receptor Activator of Nuclear Factor kB 

RANKL Receptor Activator of Nuclear Factor kB ligand  

sHPT Secondary Hyperparathyroidism  

Tx Transplantation  
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Introduction  

Chronic kidney disease  

Chronic kidney disease (CKD) is an increasing public health issue in industrial countries as well as 

in developing countries. In end stage renal disease kidney transplantation is the option to lifelong 

dialysis. With a better health care and a possibility to kidney transplantation, more people survive 

and live longer with the disease and transplant (1). By this other complications occur, such as long 

time immune suppression with infections and malignancies, cardiovascular disease (2) and bone- 

and mineralization diseases associated with chronic kidney disease (CKD-MBD) (3). In addition to 

negative influence on quality of life this is an enormous cost for the society.  

 

The causes of CKD are diverse. Diabetes and glomerulonephritis are two common diagnoses. 

Sometimes decision is made not to biopsy, or the histology can be inconclusive, resulting in no 

diagnose at all. In the variability of diseases causing CKD some progress rapidly but the majority 

develop over years and decades. Fast progression is seen among patients with uncontrolled 

hypertension, proteinuria and diabetes (4, 5). Early stages of CKD are often asymptomatic, whilst 

ongoing kidney disease eventually will manifest itself as for example raised blood pressure or 

albuminuria (5). CKD is according to the latest KDIGO (Kidney Disease Improving Global 

Outcomes) guidelines defined as abnormalities of kidney structure or function present for at least 3 

month, with implications for health. Cause, GFR (glomerular filtration rate) category and 

albuminuria are also recommended to be considered in an early stage to classify the disease and 

facilitate the estimation of prognosis and mortality (5). 

 

Risk factors for developing CKD include age, hereditary history and reduced kidney mass of which 

all are factors that increase the susceptibility to kidney damage. Factors that are directly damaging 

to the kidneys are diabetes, high blood pressure, obesity, autoimmune diseases, infections, 

dyslipidemia etcetera (4).  

 

PTH and bone remodeling  

PTH (parathyroid hormone) is a hormone and an amino acid peptide that is regulated by serum 

calcium levels. PTH is released from the parathyroid gland as a response to hypocalcaemia, 

hyperphosphatemia and low levels of serum 1,25-dihydroxy vitamin D. Higher serum levels of PTH 

result in an increased bone resorption to mobilize calcium. Reversed, PTH secretion is inhibited by 

hypocalcaemia and high calcitriol levels, and low levels of serum PTH increase bone formation. 
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The extracellular levels of ionized calcium are the prime regulator of minute- to minute changes in 

PTH (6). PTH is metabolized in the kidney, liver and blood. The half life is less than 5 minutes and 

the circulation contain several different forms of the peptide of which about 10-20 % is intact 

hormone. The carboxyl-terminal fragments that normally shall be excreted by the kidneys can 

accumulate in patients with kidney failure, why it is important to measure intact PTH in 

laboratories. But still different assays measure different amounts and types which result in 

inconsistency in measured values (6). 

 

Bone remodeling is a process that continues throughout life, a process necessary to maintain 

strength of the bone and mineral homeostasis including repairing the bone after fractures and micro 

damage. The two most important bone remodeling cells, osteoclasts and osteoblasts, are working 

together aiming for balance between bone resorption and formation. In a young individual the 

balance is positive, i.e. there is more formation than resorption. By the age of 25 the skeletal is at its 

strongest. This positive balance is maintained up to approximately 45-50 years of age where more 

resorption than formation occurs resulting in a negative balance and the bone mass decreases.  

 

Osteoclast precursor cells have the receptor RANK (Receptor Activator of Nuclear Factor kB). 

RANKL (RANK ligand) and macrophage CSF (CSF-M) are cytokines produced by marrow stromal 

cells and osteoblasts. They exist in both soluble and membrane-bound forms. CSF-M stimulates 

fusion of cells to form osteoclasts and RANKL activates the osteoclast by binding to the RANK 

receptor on the osteoclast and this signaling is important for the coordination of bone remodeling 

and for the balance between resorption and formation.  

 

Osteoprotegerin, or osteoclast inhibiting factor (OCIF), is also released by osteoblasts. It is a protein 

that inhibits the differentiation and activation of the osteoclast by blocking the binding of RANKL 

to RANK. This is important because PTH stimulates secretion of RANKL from the osteoblast, 

increase the osteoblast activity, increase the osteoclast activity and decrease the secretion of 

osteoprotegerin from osteoblasts, resulting in a higher resorption than formation of bone. Changes 

in these factors are shown in table 1. Osteoblasts have receptors for PTH, but osteoclasts do not. I.e. 

for resorption osteoblasts must be present even though the osteoclasts are responsible for the actual 

mechanism of resorption.  

 

Estrogen has a reversed effect. It lowers the secretion of RANKL, increases the secretion of 

osteoprotegerin, lowers the activity of osteoclasts and stimulates survival of osteoblasts, leading to 
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more formation than resorption of the bone. In postmenopausal women the estrogen levels decrease 

rapidly and this is believed to be a major causal factor of osteoporosis in this group of patients.  

 

Table 1: Changes in PTH and Estrogen as response of different bone remodeling factors and 

events.  

 PTH Estrogen  

   

RANKL   

Osteoblast activity   

Osteoclast activity   

Osteoprotegerin   

Osteoblast survival   

Bone resorption        

Bone formation    

   

 

The osteoclast resorbs the bone by secretion of H
+
 which dissolves the mineral component of bone 

matrix. The osteoclast also secrets cathepsin K, an enzyme that digests the matrix. Thereafter, the 

osteoclast undergoes apoptosis and the resorption is finished by mononuclear cells.  

 

Bisphosphonates are used as treatment in osteoporotic patients. Bisphosphonates bind to surfaces of 

the bone, at hydroxyapatite binding sites, and especially on surfaces where there is ongoing bone 

resorption activity (7). When the osteoclast starts resorbing the bone, bisphosphonates are released 

and inhibit the osteoclast attachment to the bone and the osteoclast cannot produce H
+
 which is 

crucial for further bone resorption. Since the bisphosphonates have preference of bony surfaces, 

there are few side effects in other parts of the body.  

Vitamin D 

Vitamin D is a hormone that exists in an endogenous form (vitamin D3) and in an exogenous form 

(vitamin D2). Vitamin D3, also called cholecalciferol, is dependent on ultraviolet radiation to be 

synthesized in the skin. Vitamin D2, also called ergocalciferol, is available through the diet and is 

produced in the plant sterol ergosterol by ultraviolet radiation. Both of the vitamins needs to be 

ulterior metabolized to become the active form, calcitriol. Calcitriol increases the uptake of calcium 

in the intestines by the enterocytes brush border membrane. Vitamin D is also involved in the bone 
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resorption process, the excretion of calcium and phosphorus in the kidneys as well as blood levels 

of calcium and phosphorus.  

CKD-MBD (Chronic kidney disease – mineral and bone disorder)  

Changes in mineral- and bone metabolism appear already in early stages of CKD with reduced 

calcitriol synthesis and phosphorus retention which in turn result in decreasing levels of serum 

calcium and stimulation of parathyroid hormone (PTH). In the long run this leads to a secondary 

hyperparathyroidism (sHPT) and disease of the bone (8).  

 

Kidney transplantation is an effective way of treating CKD. But the underlying disease persists and 

in combination with corticosteroid treatment there is an increased risk of continuing bone disease 

with subsequent fractures. Recent studies show that other immunosuppressants, like calcineurin 

inhibitors (CNIs) may also affect the bone metabolism (9, 10). 

 

A kidney transplant recipient (KTR) runs a four times higher risk to get a fracture compared to a 

general  population, and the risk is also higher for a KTR than for a patient in dialysis (11). Today 

there are no evident guidelines to how to prevent or treat bone disease in a kidney transplant 

recipient (6, 12). Bone mass loss is a multi factorial event and depends on age, sex, gender, smoking 

and treatment with corticosteroids etcetera (13). 

 

The diagnostic golden standard of renal osteodystrophy is bone biopsy. An invasive procedure 

which is difficult to evaluate histological and is rarely in clinical practical use today (14). A number 

of biological markers have been evaluated in hope of being able to calculate bone turn over, but 

there are still no markers that are recommended for the purpose (15).  

 

Dual energy X-ray absorptiometry (DXA) is a non-invasive method that is used to measure bone 

mass density (BMD) and is typically used to diagnose and monitor osteoporosis. There are little or 

no data on how or if BMD measures can predict fractures in KTRs. Studies made are diverse and 

show both improved and worse bone turnover and mineralization after treatment with 

bisphosphonates, some even developed adynamic bone disease (6). At the moment there are no 

evident data to suggest any treatment of bone disease after transplantation (16).  

 

Measures by DXA show that the biggest decrease in BMD occur in the first twelve month after 

transplantation, with the most rapid decrease in the first six month (17, 18). The changes seem to 

have a connection to glucocortiocoid dose. Data also show that females have an initially lower 
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BMD than men in general (18, 19). Not all KTRs have changes in BMD when measured, some have 

no changes and some have gained BMD, but if there is a loss in BMD it generally occurs within the 

first 12 month and have a connection with high steroid doses (20).  

 

There are no studies made on BMD in KTRs by the time of transplantation. Few studies have been 

made on KTRs to follow the BMD with this method. In a study from China (21) they evaluated the 

use of alendronate (Fosamax) with DXA-measures of the lumbar spine, hip and femoral neck. 

Alendronat had effect on BMD in the lumbar spine but not elsewhere, and different effects on men 

and women. No evaluation was made related to symptoms, fractures or other. Another study from 

Australia (22) shows that treatment with bisphosphonates after kidney transplantation creates a 

higher risk for atypical fractures resulting from adynamic bone disease. As mentioned earlier there 

are no unambiguous guidelines on how to diagnose, manage or monitor bone disease in these 

patients (6).  

 

BMD measures in KTRs after 12 month of well functioning graft, where subjects with affected 

iPTH levels, age over 60 years, post menopausal women, diabetic nephropathy, post transplant 

diabetes and acute rejection treatment with steroids were excluded, show that only 20 % of patients 

with either CsA (cyklosporin) or FK506 (tacrolimus) treatment had normal T-scores at the femoral 

neck (10). In the lumbar spine the T-score were normal in 51 % and 43 % and indicated osteopenia 

in 49 % and 57 % respectively (10).  

 

A study from Korea on 182 KTRs where BMD measures with DXA was conducted 12 month after 

transplantation show that combination therapy with vitamin D and bisphosphonate was the most 

effective treatment strategy to improve BMD values among these patients. The fracture incidence 

however didn’t differ at all (23).  

 

KDIGO guidelines on CKD-MBD do not recommend BMD testing on a regular basis as it doesn´t 

predict the risk of fractures as it does in a regular population (6). This because CKD-MBD patients 

can have a normal bone mineral content but with an abnormal bone quality. In patients without 

CKD-MBD but with osteoporosis the pathophysiology is a combination of bone mineral content 

deficiencies and abnormal bone quality and standard diagnostic method is BMD testing with DXA 

(24). No longitudinal studies are made of changes in BMD in patients with CKD stages 4-5 (6). 
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Aim and hypothesis  

To investigate if and how BMD is affected in patients with uremia at the time of kidney 

transplantation and if there is a trend over time on how BMD is affected in KTRs. The study also 

aimed to see if there were differences between first time KTRs and re-transplant kidney recipients. 

Final aim was to gather PTH values of the time of transplantation to get descriptive values.  

Question formulation  

Primary variable 

- What are the outcomes of BMD measures by the time of kidney transplantation? 

o How is the distribution of bone mass density values over time?  

Secondary variables 

- How is the distribution of 

o Underlying diseases 

o Smoking 

o Diabetes 

o Gender  

o Age 

o Previous transplantation 

o Secondary hyperparathyroidism 

o Dialysis before transplantation/preemptive  

o Peritoneal dialysis/hemodialysis  

Material and Methods  

Participants 

A total of 730 patients received a renal transplant at Uppsala University hospital during the years of 

2005 to 2012 of which 725 were included in the study. Most patients came from hospitals in the 

outer region with a different medical records system and brought limited medical record copies that 

were scanned into Uppsala University medical record system, Cosmic. Of the 725 subjects, 616 had 

their first renal transplant and 109 had their second, third or fourth renal transplant. They were 

divided into two groups, first time transplant (group 1) and re-transplant (group 2).  
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Method 

The study is a retrospective, descriptive study where the results of BMD measurements by DXA 

have been be evaluated. The DXA machine functions by creating x-rays with two different energy 

levels. The x-rays are then attenuated differently by different tissues and calculations of bone 

mineral density can be done. The BMD has been measured in the lumbar spine and in the hip. The 

BMD measures has been conducted at Uppsala University hospital with LUNAR prodigy 

equipment, and all measured data has been evaluated by one single person and scanned in to the 

medical record system cosmic. DXA measures conducted within 3 month after transplantation were 

included and Z-score values were used. The majority of measures were done within 3 weeks of 

transplantation. Z-score is the number of standard deviations below or over a mean of an age- and 

gender matched population. Z-score of the lumbar spine were used straight off while a mean of the 

two values of hip measurements were used. Where only one hip were measured, for example in 

cases with implants, the measured value were used straight off. Primarily the means of z-scores in 

both groups were calculated, but they were also analyzed regarding changes over years.       

 

In addition data has been collected from a kidney transplant surgery data base (medlog) regarding 

causative disease, risk factors for osteoporosis (age, gender), time in dialysis and type of dialysis. 

Data as incidence of smoking and diabetes in addition to the underlying renal disease was gathered 

from cosmic.  

 

PTH values have been collected from the pre transplant investigation, i.e. the values vary in time 

from approximately two years to one week before transplantation. The values came in two different 

units, ng/l and pmol/l, why the ng/l numbers were divided with the molecular weight of PTH, which 

is 9,4, to convert it into pmol/l. Only intact PTH has been measured.  

Inclusion criteria  

- All patients that has undergone a renal transplant at Uppsala University hospital during the 

years of 2005-2012. 

Exclusion criteria 

- Under aged patients  

- Foreign medical records   
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Statistical analysis  

The statistical analysis program SAS (statistical analysis system) were used by a statistician at 

URC, Uppsala Research Center. The descriptive statistics were analyzed mainly by means, standard 

deviation and confidence intervals. A normality test was done on z-score and expressed in a Q-Q 

plot which showed a normal spread and distribution and a t-test was conducted to calculate t-score 

and p-value. Since the two groups were different in size, a pooled t-test was used. The two groups 

had equal variances.  

Ethical considerations  

The study is a part of a quality project and is done in consultation with the operations manager at 

the section of kidney diseases at Uppsala University hospital.  
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Results  

A total of 725 subjects received a renal transplant during the years of 2005-2012. Table 2 shows the 

distribution of transplantations over the years and figure 1 displays the numbers in a diagram. Row 

1 is the number of transplants during each year, row 2 shows the percentage of total number of 

transplants and row 3 displays the percentage of number of transplants each year within group 1 and 

2 respectively.   

 

Table 2: Distribution of number of transplantations for group 1, 2 and total during the years of 

2005-2012.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Number of kidney transplantations during 2005 to 2012.   

Frequency 

2005 2006 2007 2008 2009 2010 2011 2012 Total 

Percent 

Row Pct 

  

1st TX 81 71 51 79 69 69 93 103 616 

11.17 9.79 7.03 10.90 9.52 9.52 12.83 14.21 84.97 

13.15 11.53 8.28 12.82 11.20 11.20 15.10 16.72   

2-4 TX 13 16 11 14 17 14 11 13 109 

1.79 2.21 1.52 1.93 2.34 1.93 1.52 1.79 15.03 

11.93 14.68 10.09 12.84 15.60 12.84 10.09 11.93   

Total 94 87 62 93 86 83 104 116 725 

12.97 12.00 8.55 12.83 11.86 11.45 14.34 16.00 100.00 
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Characteristics of the study population  

Age  

Among the 725 subjects 281 were women and 444 were men. Total mean age was 53,2 years (± 

12,7. In table 3.1 and 3.2 the means of age are shown distributed in gender and in first versus re-

transplant groups.  

 

Table 3.1: Gender distribution and mean age among gender  

 

 

 

 

 

 

Table 3.2: Mean age by time of transplantation, divided in gender and group  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Analysis Variable : AGE 

SEX N Obs N Mean Std Dev 

FEMALE 281 281 52.25 12.26 

MALE 444 444 53.84 12.86 

Analysis Variable : AGE 

  SEX N Obs N Mean Std Dev 

1st TX FEMALE 232 232 53.28 12.01 

MALE 384 384 54.12 13.15 

2-4 TX FEMALE 49 49 47.36 12.37 

MALE 60 60 52.04 10.78 
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Distribution of underlying renal disease at index Tx (N=725)

Other EDTA diagnose
11.45%

Chronic glomerulonephritis
27.31%

Tubulointerstitial nephritis
7.03%

Polycystic kidney disease
14.76%

Systemic vasculitis
3.72%

Diabetic nephropathy
24.55%

Renovascular disease
9.52%

Myeloma/amyloidosis
1.66%

Underlying disease 

Chronic glomerulonephritis represents the largest group of underlying diseases among the 

transplant recipients, followed by diabetic nephropathy and polycystic kidney disease. The 

remaining diagnoses are seen in figure 2. Unknown diagnosis is included in the group “other EDTA 

(European Dialysis and Transplant Association) diagnosis”.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Distribution of underlying renal disease 
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Dialysis  

Total mean length of dialysis pre transplant were 25,2 (± 21,7) months and did not differ between 

men and women. Mean length of the different types of dialysis among the two groups is shown in 

table 4.1. Row 1 shows the frequency and row 2 shows the total percentage. Row 3 displays the 

percentage distribution of dialysis form in group 1 and 2 respectively. NO means preemptive 

transplantation. This show that first time transplant- and re-transplant subjects have almost identical 

distribution of type of dialysis. Distribution of mean length of dialysis in each dialysis group is 

shown in table 4.2. Re-transplants have a longer duration in dialysis if they have HD, while months 

in PD are equal with first time transplants.    

 

Table 4.1: Distribution of different kinds of dialysis for group 1 and 2.  

 

Frequency 

1st 

TX 

2-4 

TX Total 

Percent 

Col Pct 

HD 345 62 407 

47.78 8.59 56.37 

56.28 56.88   

HD&PD 10 3 13 

1.39 0.42 1.80 

1.63 2.75   

NO 84 16 100 

11.63 2.22 13.85 

13.70 14.68   

PD 174 28 202 

24.10 3.88 27.98 

28.38 25.69   

Total 613 109 722 

84.90 15.10 100.00 

Frequency Missing = 3 

 

Table 4.2: Mean length of dialysis, displayed in numbers of months for group 1 and 2.  

 

1=1st 

TX, 

2= 

Re 

TX DIALYS 

N 

Obs N Mean 

Std 

Dev 

Lower 95% Upper 95% 

CL for Mean CL for Mean 

1st 

TX 

HD 345 344 26.50 21.23 24.25 28.75 

HD&PD 10 10 38.50 18.23 25.46 51.54 

PD 174 173 18.39 12.35 16.54 20.25 

2-4 

TX 

HD 62 62 36.48 36.11 27.31 45.65 

HD&PD 3 3 57.33 22.03 2.61 112.06 

PD 28 28 18.43 11.32 14.04 22.82 
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Diabetes 

Table 5 shows the distribution of diabetes in group 1 and 2. 0 means no diabetes, 1 means diabetes 

type 1 and 2 means diabetes type 2. Row 1 shows the frequency and row 2 shows the total 

percentage of diabetes. Row 3 displays the distribution of diabetes in each group, which shows that 

diabetes, both type 1 and 2, are not more frequently represented in re-transplanted subjects, rather 

less.  

 

Table 5: Distribution of diabetes for group 1 and 2. 

 

Diabetes 

ktx(1=1st TX, 2= 

Re TX) 

Frequency 

1st 

TX 

2-4 

TX Total 

Percent 

Row Pct 

Col Pct 

0 418 86 504 

57.66 11.86 69.52 

67.86 78.90   

1 128 17 145 

17.66 2.34 20.00 

20.78 15.60   

2 70 6 76 

9.66 0.83 10.48 

11.36 5.50   

Total 616 109 725 

84.97 15.03 100.00 

 

Smoking 

Among the 281 women 121 were smokers, 132 non smokers and the remaining 28 had missing 

values. Among the 444 men 173 were smokers, 220 were non smokers and the remaining 50 had 

missing values. This gives a total of 40,6 % smokers, 48,6 % non smokers and 10,8 % with missing 

values.   
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Bone mineral density (BMD) at time of transplantation  

Lumbar spine  

Total mean value of z-score in the lumbar spine (LS) was -0,25 (± 1,66). Mean values for group 1 

and 2 are displayed in table 6. In figure 3.1 mean values of z-score distributed over years are shown.  

Hip 

Mean value of z-score in the hip was -0,82 (± 1,17). Mean values for group 1 and 2 are displayed in 

table 6. In figure 3.2 mean values of z-score distributed over years are shown.  

 

Table 6: Mean values of z-score in the hip and LS in group 1 and 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Distribution of mean z-score in LS for group 1 and 2.  

  

N 

Obs Label N Mean 

Std 

Dev 

Lower 95% Upper 95% 

CL for Mean CL for Mean 

1st TX 616 Z-Score LS 552 -0.19 1.66 -0.32 -0.05 

Z-Score Hip 475 -0.76 1.16 -0.87 -0.66 

2-4 TX 109 Z-Score LS 101 -0.58 1.63 -0.90 -0.25 

Z-Score Hip 88 -1.11 1.19 -1.36 -0.86 
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Figure 3.2: Distribution of mean z-score in the hip for group 1 and 2.  

T-test 

As the z-score had a normal spread as seen in figure 4.1 and 4.2, a t-test was conducted. The two 

different groups had equal variances and since the two groups were uneven in size a pooled test was 

used.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Distribution of z-score of the LS in group 1 and 2. 
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Figure 4.2: Distribution of z-score of the hip in group 1 and 2. 

 

Displayed in table 7.1 the mean values of the pooled t-test for the LS are shown. Table 7.2 shows 

that there is a statistically significant difference between the two groups in z-score of the LS.  

 

Table 7.1: Mean value of the pooled T-test of z-score values in the LS  

 

 

 

 

Table 7.2: P-value of the T-test conducted on z-score values of the LS  

 

 

 

 

 

 

 

 

ktx Method Mean 95% CL Mean Std Dev 95% CL Std Dev 

1st TX   -0.1859 -0.3249 -0.0469 1.6627 1.5701 1.7671 

2-4 TX   -0.5772 -0.8995 -0.2550 1.6324 1.4341 1.8947 

Diff (1-2) Pooled 0.3914 0.0390 0.7437 1.6581 1.5727 1.7533 

Method Variances DF t Value Pr > |t| 

Pooled Equal 651 2.18 0.0295 
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The mean values for the hip in the pooled t-test are shown in table 8.1 and shows a statistically 

significant difference between the two groups in z-score of the hip in table 8.2.  

 

Table 8.1: Mean value of the pooled T-test of z-score values of the hip  

 

 

 

 

Table 8.2: P-value of the T-test conducted on z-score values of the hip  

 

 

 

PTH pre transplant  

PTH values had a wide range from 0,10 pmol/l to 170,2 pmol/l. Total median value were 25 pmol/l. 

The distribution between group 1 and group 2 is seen in table 9, where group 1 had a median value 

of 23,8 pmol/l and group 2 had a median value of 32 pmol/l.  

 

Table 9: Median values of PTH pre transplant, displayed in picomol/l in group 1 and 2  

  

ktx Method Mean 95% CL Mean Std Dev 95% CL Std Dev 

1st TX   -0.7620 -0.8668 -0.6572 1.1626 1.0931 1.2416 

2-4 TX   -1.1108 -1.3636 -0.8580 1.1932 1.0392 1.4012 

Diff (1-2) Pooled 0.3488 0.0827 0.6149 1.1674 1.1029 1.2400 

Method Variances DF t Value Pr > |t| 

Pooled Equal 561 2.57 0.0103 

1=1st TX, 

2= Re TX N Obs N Minimum Median Maximum Range 

1st TX 616 543 0.10 23.80 170.20 170.10 

2-4 TX 109 89 0.27 32.00 148.30 148.03 
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Discussion  

Characteristics of the study population  

The gender distribution among those who received a kidney transplant reflects the distribution of 

gender among dialysis patients in Sweden. According to the Swedish Renal Registry approximately 

2/3 of all patients in dialysis are men.  

 

As predicted a large number of subjects in the study had diabetes or chronic glomerulonephritis as 

cause of their kidney failure. In the group with re-transplanted subjects the percentage incidence of 

diabetes was lower than in the group with first time KTRs. More research must be done regarding 

diabetes and its connection to low BMD in KTRs. The data in this study doesn’t indicate that 

diabetes contributes to the decrease in BMD in re-transplanted patients, but needs further analysis.      

 

A total of 40,6 % of the subjects were smokers or previous smokers. Unfortunately 10,8 % had no 

documented tobacco use in the medical records why it is difficult to draw any conclusions from 

this. A number to compare with is how many daily smokers there were in Sweden 2012 which is 13 

% according to the statistical central bureau (SCB). 

 

The proportion of patients on hemodialysis and peritoneal dialysis did not differ between first time 

KTRs and re-transplant recipients. Re-transplant recipients were subject to a longer time in 

hemodialysis before their re-transplant, but the time in peritoneal dialysis did not differ between 

first time KTRs and re-transplanted subjects. The fact that the re-transplanted patients, who had a 

decrease in BMD, displayed longer time on hemodialysis pre transplant, needs further evaluation.   

Bone mineral density at time of transplantation  

This study show that KTRs do not have as bad bone mass density as expected, according to BMD-

measures by DXA at the time of transplantation. Previous research does however state an increased 

risk for fractures in KTRs (25, 26), so it might be that DXA is not the way to do that risk 

assessment which also KDIGO states in their guidelines (6). New references for DXA measures on 

KTRs might need to be developed in order to use DXA and BMD as a predictor of fractures in this 

group of patients. However, it is also important to remember the effects of corticosteroids, which 

first time renal transplants by the time of transplantation have not yet had an effect of. The BMD 

does not seem to be affected by the time of transplantation before treatment with corticosteroids.  

Previous studies that have looked into withdrawal of corticosteroids have found a positive effect on 

BMD. Nikkel et al. show that patients discharged without corticosteroids has a reduced risk of 
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fractures compared to patients with continuous treatment after discharge (27). Farmer et al. show in 

their study that withdrawal of corticosteroids in patients with functioning graft after more than one 

year had an increase in BMD compared to the control group which instead had a small decrease in 

BMD (28). Consideration must of course be taken to risk of acute rejection and long term survival 

of the graft and more research must be done on the topic (29).  

 

What is evident is that re-transplanted patients (group 2) have a significant lower z-score in both 

lumbar spine and hip compared to first time KTRs. Since the BMD measures were done within 

three month of transplantation, most within 3 weeks, the effect of corticosteroids had not set in. 

This could explain the significant difference between group 1 and 2 since group 2 with all re-

transplanted subjects have been on medication with corticosteroids since their previous 

transplantations.           

 

There seem to be no difference regarding trend over time during the study period for the lumbar 

spine and hip measurements, as seen in figure 3.1 and 3.1. The plots for group 2 are straggly and 

incoherent which might result from a relatively small group of subjects who also are divided into 

years. This gives an uncertainty and wider confidence intervals with a large spread.   

PTH pre transplant  

Both groups have a secondary hyperparathyroidism but with a wide range because of a large inter 

individual variation. According to KDIGO guidelines recommended levels for CKD 5D is 2 to 9 

times over normal levels (6). KDOQI (30) recommends a value below 33 pmol/l for CKD 5. Both 

groups accordingly have PTH-values within these target levels, but the re-transplanted subjects, 

nevertheless have a higher PTH-value. A recent study from France shows that presence of pHPT 

(persistent hyperparathyroidism, defined as intact PTH level higher than 130 ng/l) post transplant 

presents a higher risk for fractures within five years of transplantation and state that it is an 

independent risk factor for fractures in this time period (31). Heaf et al. conclude that, together with 

steroid treatment, a continuing sHPT (secondary hyperparathyroidism) is one of the major causes of 

bone loss post transplant. In their study they measured BMD in whole body (WB), lumbar spine 

(LS) and femoral neck (FN) with DXA and found that the BMD in LS was stabilized after renal 

transplant while WB and FN had a continuing bone loss. The numbers correlated to steroid 

treatment and a high value of PTH. The data in the present study needs further analysis and in 

general continuing research is necessary to evaluate the effects of sHPT on bone mass and fractures. 
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Limitations 

The study is retrospective. A prospective study would have provided a possibility to get full data. 

Not all transplanted patients made a DXA within 3 months of the transplantation. Most patients 

were from hospitals in the outer region and there was limited information in the medical record 

copies from their hospitals which explains lack of information about smoking habits for example.   

 

PTH values were gathered from the pre transplant investigation and differed among the subjects in 

time from two years to one week before transplantation which is a very long time span. Because of 

the short half time of PTH it can vary a lot from one day to another why the values were chosen to 

be analyzed anyway. But preferably all values ought to have been taken in a shorter time span 

which could have been done in a prospective study.   

Further research  

More research needs to be done regarding bone mass density loss in KTRs. A longitudinal study 

with baseline DXA and follow up after for example 6 and 12 months would provide more 

information about the effects of corticosteroid treatment. If possible it would be interesting with a 

larger control group of subjects discharged without corticosteroids. A randomized study might be 

difficult since corticosteroids are included with only a few exceptions in the immunosuppressive 

treatment after transplantation and those who get discharged without it are thoroughly chosen 

according to status, physical health etcetera. With addition of new treatment alternatives, maybe 

alternative immunosuppressive protocols without steroids, and without increased risk of rejection, 

will become available.     

 

Of the 725 subject in the study, 100 had their transplant preemptive. If this is beneficial for BMD 

compared to dialysis pre transplant needs to be evaluated since research show that long time in 

dialysis before transplant result in a worse BMD.   

Conclusion  

The bone mass density in first time KTRs is normal. It might be that treatment with corticosteroids 

is responsible for the increased risk of getting a fracture, since the re-transplanted subjects had a 

significantly lower BMD by the time of their re-transplantation.  
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