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Summary 
This study evaluates bone mineral density (BMD) and trabecular 
bone score (TBS) in relationship with new markers of chronic 
kidney disease (CKD), fibroblast growth factor 23 (FGF23), and 
klotho. The patients in this cross-sectional study were divided as 
follows: group A -patients in stages G1-3; group B -patients in 
stages G4 – 5 according to KDIGO. Plasma levels of soluble 
klotho and FGF23 were determined by ELISA. Bone mineral 
density (BMD) and trabecular bone score (TBS) were measured. 
74 patients with CKD (mean age 68.8 years) were included in the 
study. Higher levels of FGF23 were observed in group B (N=15) 
compared to group A (N=59; p=0.001) were observed. FGF23 
was higher in group A compared to group B. Significant 
difference in TBS within the first 3 stages of CKD was observed 
(mean TBS in G1=1.375 vs. G2=1.340 vs. G3a=1.24; p<0.05) 
and negative correlation of FGF23 and TBS (R=-0.33; p=0.05) 
and positive correlation between klotho and TBS (R=0.419; 
p=0.04) was observed. This study confirmed that FGF23 and 
klotho are associated with TBS, but TBS reflects a decrease in 
kidney function only in the first 3 stages of CKD. Thus, FGF23 
and klotho together with TBS are promising markers of early 
trabecular bone impairment in CKD.  
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Introduction 
 

Changes in mineral metabolism in chronic 
kidney disease (CKD) occur along with its onset. Low-
energy fractures are very common in patients with CKD, 
but their development is not fully understood. Their 
development could be exacerbated by CKD-related 
changes, including sarcopenia or falls (Weisinger and 
Bellorin-Font 2004, Naylor et al. 2014, Avin and Moorthi 
2015). Fracture risk in CKD has been reported to be at 
least two times higher than in healthy individuals of the 
same age (Alem et al. 2000. Nickolas et al. 2006). One of 
the most common risk factors for fragility fractures is  
a decrease in BMD. According to the most recent 
KDIGO guidelines (Isakova et al. 2017) BMD as  
a screening for increased fracture risk is useful in stages 
3-5. Additionally, it seems that total hip BMD (TH) 
compared to lumbar spine BMD (L-spine) is more 
affected by CKD progression, particularly in subjects 
with eGFR< 60 ml/min/1.73 m2 (Bezerra de Carvalho  
et al. 2019). However, CKD is also associated with 
impairment of bone microarchitecture. A trabecular bone 
score (TBS), a surrogate used in clinical settings to assess 
bone texture, could contribute to the estimate of fracture 
risk. The potential to use TBS in secondary osteoporosis 
was evaluated in several conditions such as primary 
hyperparathyrodisim (Muñoz-Torres et al. 2019), 
glucocorticoid induced osteoporosis (Sandru et al. 2020), 
acromegaly (Kužma et al. 2019) or diabetes (Jackuliak  
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et al. 2019), etc. In the recent study (Rampersad et al. 
2020), the potential of TBS to estimate fracture risk was 
evaluated. TBS was associated with a lower estimated 
glomerular filtration rate (eGFR). Furthermore, eGFR 
less than 60ml/min/1.73m2, which is considered 
borderline between grade 2 and 3a, was associated with  
a higher risk of fractures. It is plausible that TBS reflects 
bone status in early CKD grades. Low TBS values were 
observed in end-stage renal disease (ESRD) compared to 
healthy controls (Yavropoulou et al. 2017, Yoon et al. 
2019) or predicitive of a prior vertebral fracture 
(Aleksova et al. 2018). 

In addition, newer markers are used to detect 
early changes in kidney function. Fibroblast growth 
factor 23 (FGF23) and Klotho are potential regulators of 
mineral metabolism, and their levels change with the 
progression of renal failure (Muñoz-Castañeda and 
Rodelo-Haad 2020). The FGF23-Klotho complex in the 
kidney induces phosphaturia and suppresses the synthesis 
of 1.25-dihydroxyvitamin D. In patients with CKD, 
circulating FGF23 levels are progressively increased and 
lead to retention of phosphate, but this results in reduced 
renal production of 1.25-dihydroxyvitamin D and leads to 
secondary hyperparathyroidism (Komaba 2010). 
Excessive actions of FGF23 cause several types of 
hypophosphatemic osteomalacia characterized by 
impaired mineralization of the bone matrix. The 
association between FGF23 and impaired trabecular bone 
was confirmed by study using high resolution peripheral 
quanitative computed tomography (HR-pQCT) (Rupp  
et al. 2019). Thus, it is plausible that a possible 
relationship exists between newer laboratory markers, 
such as FGF23, klotho, and TBS, as the surrogate of 
trabecular bone microacrhitecture. 

 
Patients and methods 

 
A single-center cross-sectional study was 

conducted in CKD outpatients between 7/2018 and 
7/2019. All study procedures were reviewed and 
approved by the local ethical committee. Each patient 
signed an informed consent before any study procedure.    

 
The inclusion criteria were as follows:  

- All patients with CKD diagnosis according to the 
KDIGO guidelines (Muñoz-Castañeda and Rodelo-
Haad 2020) regardless of sex, age or CKD ethiology 

o eGFR categories according to KDIGO: 
 G1…90 ml/min/1.73m2 

 G2… 60-89 ml/min/1.73m2 
 G3a... 45-59 ml/min/1.73m2 
 G3b... 30-44 ml/min/1.73m2 
 G4... 15-29 ml/min/1.73m2 
 G5 … < 15 ml/min/1.73m2 

- No history of specific treatment for osteoporosis 
other than vitamin D or calcium supplementation. 
 

Exclusion criteria: 
- Patients with acute illness (e.g. infection) or any 

exacerbated chronic disease, including acute 
exacerbation of CKD (defined as an absolute 
increase in serum creatinine more than 1.5 times the 
value of a previous examination)  

- Hospitalized patients   
- Immobile patients  
- Patients with specific treatment for osteoporosis in 

addition to vitamin D and calcium supplementation  
- Patients with a known diagnosis of secondary 

osteoporosis (such as glucocorticoid - induced 
osteoporosis, malabsorption, primary 
hyperparathyroidism, rheumatoid arthritis, etc.) 
 

Methods  
In all patients, laboratory parameters that 

evaluated the stage of CKD (eGFR, albumin / creatinine 
ratio of a single urine sample), calcium-phosphate 
metabolism (Ca, P, PTH), additional bone turnover 
parameters (25-OH-D3, CTx - C-terminal telopeptide 
fragment of collagen type I, P1NP - propeptide of type I 
procollagen, OC-osteocalcin) and common biochemical 
parameters were evaluated to assess the internal 
environment, liver function, lipid spectrum and blood 
count. At the same time, serum samples were taken to 
determine FGF23 and soluble klotho. In all patients, basic 
anthropometric measurements and determination of bone 
status using DXA and TBS. 

 
Laboratory parameters 

Conventional biochemical and urine tests were 
performed using commercial kits available. From the 
basic laboratory parameters: Na, K, Cl, Mg, Ca, P, urea, 
creatinine, eGF, PTH, ALP, AST, GMT, ALT, 
cholesterol, HDL, LDL, TAG, urine examination were 
determined. Estimated glomerular filtration (eGFR) was 
calculated using the Chronic Kidney Disease - 
Epidemiology Collaboration (CKD-EPI) formula. 
Furthermore, 25-OH-D3 levels were determined using  
an automated electrochemiluminescence system (Eclesys 
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Vitamin D Total II, 2019, Roche Diagnostics GmBH, 
Mannheim, Germany.  

From bone turnover markers, CTx, OC, and 
P1NP were evaluated by ECLIA using the Roche Elecsys 
1010/2010 kit. 

Plasma levels of soluble klotho were determined 
using an ELISA with quantitative sandwich enzyme 
immunoassay. Its minimum detectable levels are 
0.039 ng/ml. And the accuracy of the intra-assay was 
CV %<8 % and the accuracy of the inter-assay was 
CV %<10 %, while three samples of known 
concentration were tested 20 times on a plate. 

Plasma levels of FGF23 were also determined by 
ELISA. For FGF23, the minimum detectable level is less 
than 6.3 pg / ml, and this assay has high sensitivity and 

specificity for the determination of FGF23. Intra-assay 
precision was CV<10 %, and inter-assay precision was 
CV<12 %, while 3 samples with low, medium and high 
levels of FGF23 were tested on 3 different plates,  
8 replicates in each plate.  
 
Bone measurements  

BMD measurements at the L1-4 spine (LS), 
femoral neck (FN) and total hip (TH) were performed 
using DXA with a Hologic Horizon device with APEX 
software version 13.3 : 7.  

TBS was performed from DXA lumbar spine 
scans using TBS iNsight® software (Medimaps SASU, 
Pessac, France) version 3.0.2.0. 

 
 

Table 1. Study groups characteristics 
 

Parameters Group A (G1-3) Group B (G4-5) p-value 

Number of patients 59 15 NS 
Age (yrs) 70.5±11.4 68.5±11.1 NS 
Weight (kg) 87.4±2.5 88.5±5.0 NS 
Height (cm)  172±8.7 170.1±10.1 NS 
Hypertension (Y/N) 49/10 14/1 0.05 
Diabetes (Y/N) 34/25 11/4 0.05 
eGF (ml/s) 1.11±0.37 0.31±0.12 0.0001 
creatinine (umol/l) 96.89±28.8 278.97±105.2 0.0001 
BUN (urea) (umol/l) 7.39±2.5 18.35±7.9 0.0001 
Serum Ca (mmol/l) 2.35±0.15 2.43±0.2 NS 
Phosphorus (mmol/l) 1.06±0.02 1.34±0.05 0.0001 
vit D (ng/ml) 17.31±7.4 22.39±11.2 0.04 
vit D suficiency (Y/N) 17/40 8/6 NS 
iPTH (pmol/l) 4.63±2.4 5.90±4.3 NS 
ALP (ukat/l)  1.12±0.32 1.21±0.33 NS 
glucose (mmol/l) 7.02±2.2 7.3±2.04 NS 
HbA1c DCCT (%) 7.07±1.1 6.59±0.6 NS 
Haemoglobin (g/l) 135.8±16.9 119.6±23.7 0.005 
Osteocalcin (ug/l) 19.38±8,1 39.61±28.1 0.0001 
P1NP (ug/l) 44.58±17.3 68.28±31.3 0.0006 
CTx (ng/l) 371.78±154.8 569.5±367.1 0.004 
Klotho (ng/ml) 0.176±0.15 0.195±0.1 NS 
FGF23 (ng/ml) 0.098±0.03 0.144±0.04 0.001 
Previous fractures (Y/N) 6/53 1/14 NS 
BMD L-spine (g/cm2) 1.09±0.19 1.121±0.2 NS 
BMD neck (g/cm2) 0.828±0.17 0.845±0.15 NS 
BMD total hip (g/cm2) 0.984±0.15 0.972±0.17 NS 
TBS 1.285±0.12 1.293±0.09 NS 

 
* continuous variables are expressed as means ±SD, ** ordinal variables are expressed as absolute numbers 
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Fig. 1. Comparison between groups shows lower values of FGF23 in patients within group A (a) and no difference in levels of klotho 
between groups (b) 
 
 
Statistical methods 

For statistical analysis, Analyze-it® software 
version 4.91.3 (The Tannery, Leeds, United Kingdom) 
was used. Continuous variables were expressed as mean 
± standard deviation (SD). Before statistical analysis, we 
excluded values that were greater / lesser than +/- 3 SD. 
The Shapiro-Franca test was used to assess the normality 
of the distribution of the monitored parameters. For 
individual comparisons between groups, we used 
Student's t-test and Mann-Whitney test depending on the 
normality of the distribution of specific data. For bone 
measurements (DXA and TBS) we used ANCOVA 
analysis to compare individual groups. We used 
univariate analysis and logistic regression to assess 
individual correlations. We consider p <0.05 values to be 
significant differences. 
 
Results 
 

In total, 74 CKD patients (42 males/32 females, 
68.8 years of average age) were included in the analysis, 
a number of 10; 25; 24; 10 and 5 patients in G1. G2, G3, 
G4, and G5, respectively. For better comparison, the 
patients were divided into two groups: group A, where 
we included patients in stages G1-G3 (N=59) and group 
B included patients in stage G4-5 (N=15). Patients in 
group A had significantly higher values of eGF, 
hemoglobin, and lower serum creatinine, urea, 
phosphorus, vitamin D, bone markers and a proportion of 
patients with arterial hypertension and diabetes mellitus, 
compared to patients in group B (see Table 1 for further 
details).  

FGF23 levels were significantly higher in group 
B compared to group A. Klotho levels between groups 
did not reach statistical significance (Fig. 1). No 
differences in BMD and TBS were observed between the 
groups.   

 
Early stages (G1-G3a) of CKD 

Comparison of TBS between each stage of CKD 
showed a significant difference in G1 vs G2 (1.374 vs. 
1.304; p=0.05); and G1 vs G3 (1.374 vs 1.24; p=0.03), 
but not in other stages. The significant difference in FN 
BMD between G1 and G2 (0.94 vs 0.81; p= 0.05) was 
observed. No differences were observed at other BMD 
sites in all stages (Table 2 and Fig. 2).   

A negative relationship was observed between 
TBS and FGF23 (R=-0. 33; p=0.05) and a positive 
relationship between TBS and klotho (R=0.419; p=0.04) 
was observed. No association of FGF23 and klotho was 
observed between BMD (Fig. 3). 
 
Discussion 
 

CKD leads to significant comorbidities, quality 
of life impairment, and shortened survival (Carney 2020). 
One of the common complications of CKD is an 
increased risk of fragility fractures, especially in the 
elderly population (Klawansky et al. 2003). Current in 
comparison to former KDIGO guidelines (Muñoz-
Castañeda and Rodelo-Haad 2020) resurrected 
measurement of BMD in case treatment of osteoporosis is 
considered. However, fragility fractures in CKD are 
associated with changes in bone structure, volume, and 

b) a) 
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remodeling. Thus, it is necessary to better define the risk 
of fracture, using tools that can be used in clinical 
settings. In addition, newer markers of kidney function 
are developed to capture early changes in kidney function 
and subsequently target management and treatment.  

In this study, the relationship between bone 
measures, such as BMD and TBS, and newer markers of 
kidney function, FGF23 and klotho, was evaluated 
among patients with CKD G1-5. Levels of FGF23 levels 
were higher in CKD G4-5 compared to G1-3, but no 
differences in klotho levels were observed. Additionally, 
the TBS values, but not the BMD, were higher in the 
early stages of CKD, with the highest values in G1 and 
the lowest in G3. The correlation analysis showed  

a significant relationship between TBS and FGF23 and 
klotho, demonstrating that there is an association between 
the microarchitecture of the trabecular bone and FGF23, 
especially in the early stages of CKD. Given that, TBS 
seems more sensitive in the early detection of CKD 
patients at risk of fracture.   

The FGF23–Klotho system has emerged as  
an endocrine axis required to maintain phosphate 
homeostasis and 'phosphatopathy' is a key factor in 
understanding its action. Despite substantial loss of 
nephron, hyperphosphatemia is observed only in patients 
with ESRD (CKD stage 4 or 5), indicating that phosphate 
homeostasis is maintained until stage 4 to 5 during the 
progression of CKD. This is because the decrease in

 
 
Table 2. Early stages (G1-G3a) of CKD – characteristics 
 

Parameters G1 (N=10) G2 (N=25) G3a (N=10) p-value 

age  54.3±8.9 66.4±8.7 76.8±6.4 ****all <0.001 
Gender (M/F) 8/2 15/10 6/4 NS 
BMI (kg/m2) 29.5±5.5 30.9±4.3 28.1±4.2 NS 
eGF (ml/s) 1.67±0.12 1.23±0.14 0.87±0.09 ****all <0.0001 
S-Ca (mmol/l) 2.29±0.1 2.32±0.12 2.39±0.19 NS 
S-P (mmol/l) 1.135±0.16 1.03±0.15 1.08±0.2 NS 
vitamin D (ng/ml)  18.8±4.6 15.5±8,1 19.7±8,1 NS 
s-iPTH (pmol/l) 4.2±1.9 4.8±2.5 4.2±2.9 NS 
P1NP  35.1±8 44,1±18 53,1±14 G1 vs G3a = 0.005 
CTx 325.4±162 342±161 446±150 NS 
P-klotho 0.13±0.07 0.13±0.1 0.18±0.21 G1 vs G3a = 0.06; 
P-FGF23 0.073±0.012 0.103±0.04 0.108±0.028 G1 vs G2 =0.09; G1 vs G3a = 0.02 
LS BMD 1.07±0.2 1.06±0.12 1.08±0.27 NS 
FN BMD 0.94±0.2 0.81±0.15 0.75±0.06 G1 vs G2 = 0.05 
TH BMD 1.06±0.2 0.98±0.13 0.91±0.07 NS 
TBS  1.374±0.04 1.304±0.09 1.24±0.097 G1 vs G2 = 0.05; G1 vs G3a = 0.02 

 

 
Fig. 2. Comparison of TBS (a) and BMD (b) in early stages of CKD 

b) a) 
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Fig. 3. Correlation analysis between (a) TBS - FGF23 and (b) TBS – klotho. 

 
 

nephron number is compensated by an increase in 
phosphate excretion per nephron, which is achieved by  
an increase in FGF23. In fact, FGF23 starts to increase as 
early as stage 2 (Kuro-o 2017) before changes in calcium, 
phosphorus, and PTH concentrations after small kidney 
damage (Rodelo-Haad et al. 2019). FGF23 is one of the 
first markers of CKD-MBD, which has long been thought 
to regulate only vitamin D and phosphate metabolism. 
Levels of klotho levels in urine and plasma start to 
decline in the second stage of CKD, during the reduction 
of the glomerular filtration rate and the loss of functional 
nephrons (Zou et al. 2018). Decreased klotho levels lead 
to increased levels of FGF23 and suppress active vitamin 
D synthesis with all its consequences on bone 
metabolism.  

This study shows that BMD at any site, except 
the difference in FN BMD in the stages G1 vs. G2, is not 
associated with the decrease in eGFR. Data on the 
relationship of CKD with BMD are contradictory. 
Previously, it was not recommended to perform BMD 
tests routinely, especially in stages 3-5D of CKD, 
because BMD does not predict fracture risk in a similar 
way to the general population (2009). More recently, low 
areal BMD measured by DXA in the forearm, hip, and 
spine can predict a future fracture in studies showing 
CKD, even in end-stage renal disease (Iimori et al. 2012, 
Yenchek et al. 2012, West et al. 2015, Isakova et al. 
2017). As in the general population, the relevance of 
BMD is limited to overestimation by scoliosis, 
osteoarthritis, as well as vascular or joint calcifications. 
However, in patients with CKD, it has been suggested 
that both bone mass (BMD) and bone texture (TBS) 
should be determined to better estimate the risk of 

fracture (Pimentel et al. 2017). In our cohort, a difference 
in TBS values was observed in the first three stages, with 
the highest TBS values observed in G1 and the lowest in 
G3. This difference was not observed in BMD at any site 
(L-spine, neck or total hip). At the same time,  
a significant association of TBS with FGF23 was 
observed. It is therefore likely that a relationship between 
decreased renal function and degradation of the trabecular 
bone microarchitecture exists. The average value of TBS 
in stage G3a was 1.24, representing the borderline cutoff 
value of 1.23 for high trabecular degradation and risk of 
fractures according to meta-analysis (McCloskey et al. 
2016). This also confirms that TBS is a suitable tool for 
assessing bone microarchitecture in clinical settings to 
estimate fracture risk in patients with CKD. In a cohort 
that included 1.426 CKD patients (199 of whom had 
CKD G3a and worse) followed for an average of  
4.7 years, TBS was independently (age, sex, FRAX, and 
BMD) associated with fracture risk (Naylor et al. 2016). 
This was supported by a recent study by Rampersad et al. 
(2020) where they found a gradual decrease in TBS with 
a decrease in eGFR. Similar findings were confirmed in 
patients with end-stage renal disease (ESRD), where 
patients on hemodialysis had significantly lower TBS 
than healthy controls. Furthermore, those who had 
diagnosed osteoporosis with DXA had even lower TBS 
compared to those who did not have osteoporosis 
(Yavropoulou et al. 2017). Another study of 59 ESRD 
patients confirmed that TBS is significantly correlated 
with qCT parameters (Brunerova et al. 2016).  

This study has few limitations, such as cross-
sectional design and small sample size with 
disproportionate number of subjects in each stage of 
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CKD. However, the early stages G1-3a showed 
significant results and the number of patients in these 
stages is optimal for performing statistical analysis. It 
would be interesting to screen for vertebral asymtpomatic 
fractures between groups. There was a significant 
difference in age between the groups, but this follows 
from the fact that eGFR decreases with age.  

To conclude, this pilot study shows that among 
patients with CKD, FGF23, as the novel marker of 
kidney function, is higher in patients with stages 4-5 of 
CKD according to KDIGO. TBS, but not BMD, is 
gradually decreasing in the early stages of CKD. FGF23 
and klotho are associated with TBS showing that early 
changes in kidney function are associated with 
impairment of bone microstructure. This study confirms 
that TBS is a suitable tool to assess bone 
microarchitecture to estimate the risk of fracture in the 
early stages of CKD in clinical settings. However, the 
results need further evaluation in prospective controlled 
studies. 
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