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Key points 

• In non-dialysis patients with advanced CKD, mild-to-moderately increased PTH is 

associated with lower levels of reported symptoms. 

• Phosphate and calcium are not independently associated with overall symptom burden. 

• Patients with both severe hyperphosphatemia and severe hyperparathyroidism had the 

highest symptom burden.  
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Abstract  

Background: Patients with advanced chronic kidney disease (CKD) develop numerous 

symptoms, with a multifactorial origin. Evidence linking mineral disorders (CKD-MBD) and 

uremic symptoms is scant and mostly limited to dialysis patients. Here we aim to assess the 

association between CKD-MBD and symptom burden in non-dialysis CKD patients. 

Methods: We used data from the European Quality study, which includes patients aged 

≥65 with eGFR ≤20 ml/min/1.73m2 from six European countries, followed up to five years. 

We used generalized linear mixed-effect models to determine the association between 

repeated measurements of parathyroid hormone (PTH), phosphate and calcium with the 

overall symptom number (0-33), the overall symptom severity (0-165), and the presence of 33 

CKD-related symptoms. We also analyzed subgroups by sex, age, and diabetes mellitus, and 

assessed effect mediation and joint effects between mineral biomarkers.  

Results: The 1396 patients included in the study had a mean of 13±6 symptoms at 

baseline, with a median overall severity score of 32 (IQR 19-50). The association between 

PTH levels and symptom burden appeared U-shaped with a lower symptom burden found for 

mild-to-moderately increased PTH levels. Phosphate and calcium were not independently 

associated with overall symptom burden. The highest symptom burden was found in patients 

with a combination of both severe hyperparathyroidism and severe hyperphosphatemia (+2.44 

symptoms (0.50, 4.38), P=0.01). The association of both hypocalcemia and 

hyperphosphatemia with symptom burden seemed to differ by sex and age. 

 Conclusions: In older patients with advanced CKD not on dialysis, mild-to-moderately 

increased PTH was associated with a lower symptom burden, although the effect size was 

relatively small (less than one symptom). Neither phosphate nor calcium were associated with 
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the overall symptom burden, except for the combination of severe hyperphosphatemia and 

severe hyperparathyroidism which was associated with an increased number of symptoms. 
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Introduction 

Patients with advanced chronic kidney disease (CKD) typically develop a 

constellation of symptoms defined as uremic syndrome. These may include fatigue, 

gastrointestinal disorders, muscle cramps, pruritus, and mental status changes1-7. Symptom 

burden affects patients’ well-being and health-related quality of life (HRQOL)8 to such an 

extent that CKD patients often consider it more important than survival9. Moreover, the 

presence of symptoms forms one of the most pertinent reasons for initiating dialysis10,11, 

although it may fail to resolve some symptoms12 and generate additional ones. A deeper 

understanding of the mechanisms underlying symptom development is important to identify 

targeted interventions aimed at their reduction and HRQOL improvement. Several factors are 

thought to be involved, including multimorbidity and polypharmacy, accumulation of uremic 

solutes, acid-base imbalances, anaemia, fluid retention, and also mineral disorders. 

CKD-Mineral and Bone Disorder (CKD-MBD) is a common complication of CKD, 

characterized by abnormalities in calcium, phosphate, parathyroid hormone (PTH), or vitamin 

D metabolism, which lead to bone and cardiovascular (CV) disease13. In dialysis patients, 

elevated PTH has been associated with weight loss14, impaired appetite15, pain16-18, and sleep 

disorders19,20. Hyperphosphatemia has been associated with muscle pain21, pruritus21-23, 

restless legs syndrome24,25, and sleep disorders26,27. Additionally, hypercalcemia has been 

associated with xerosis and pruritus21-23,28, and with chronic pain16, while increasing calcium 

levels have been inversely associated with the severity of restless legs syndrome24. However, 

the impact of CKD-MBD on symptoms in the larger population of patients with CKD not on 

dialysis remains largely unknown.  

In the present study, we aim to comprehensively assess the association between 

longitudinal CKD-MBD biomarkers (PTH, phosphate and calcium) and the overall symptom 

burden in a European cohort of older patients with CKD stages 4-5 not on dialysis in up to 
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five years of follow up. Secondly, we seek to explore whether mineral biomarkers are 

associated with the presence of 33 individual CKD-related symptoms. 

 

Materials and methods 

Study design and population 

The European Quality (EQUAL) study is a prospective cohort study on CKD patients 

from Germany, Italy, the Netherlands, Poland, Sweden, and the UK, which started in 2012, 

and is fully described elsewhere29. Patients aged ≥65 were included when their estimated 

glomerular filtration rate (eGFR) dropped to ≤20 mL/min/1.73m2 and excluded if their eGFR 

drop was due to an acute event, or if they previously had kidney replacement therapy. For the 

current study, we selected EQUAL participants with at least one symptoms assessment and at 

least one measurement of either PTH, phosphate or calcium at the same time (Figure 1). 

Patients were followed up to five years or until death, start of kidney replacement therapy, 

refusal for further participation, or loss to follow-up. The study received approval by the 

Medical Ethics Committee or Institutional Review Boards of all participating countries. 

Written informed consent was obtained from all patients.  

 

Data collection 

Data on demographics, medical history, and medications were collected at baseline. 

Data on laboratory measurements and symptoms assessment were collected at baseline and 

updated at each study visit, scheduled at three to six-month intervals. eGFR was calculated 

using the CKD Epidemiology Collaboration (CKD-EPI) 2009 equation. The measurement of 

mineral biomarkers was performed according to local practice and not standardized across 

centres. PTH levels were classified in five predefined groups: <100, 100-200, 200-300, 300-

400, and >400 pg/mL. Phosphate levels were classified as hypophosphatemia (<3 mg/dL), 
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normophosphatemia (3-4 mg/dL), and mild, moderate and severe hyperphosphatemia 

(respectively 4-5, 5-6, and >6 mg/dL). Albumin-corrected calcium levels were classified as 

hypocalcemia (<8.5 mg/dL), normal-low calcium levels (8.5-9.5 mg/dL), normal-high 

calcium levels (9.5-10.5 mg/dL), and hypercalcemia (>10.5 mg/dL). Data on symptom burden 

were collected through questionnaires, investigating the presence of 33 CKD-related signs 

and symptoms including the 30 Dialysis Symptom Index (DSI) items30, and loss of weight, 

bleeding, and loss of strength, resulting in a total symptom number ranging from 0 to 33. For 

each symptom present, patients rated symptom severity on a five-point scale ranging from 1 

“not bothering at all” to 5 “very much bothering”. Absent symptoms were assigned a score of 

0, resulting in an overall symptom severity score ranging from 0 to 165. Symptom burden in 

the EQUAL cohort has already been described elsewhere8,12,31,32.  

 

Statistical analysis 

Patient characteristics were reported as frequencies, means and standard deviation or 

medians and interquartile range (IQR), as appropriate, and compared between EQUAL 

participants included and excluded from the current study to assess any selection bias. The 

associations between repeated measurements of CKD-MBD biomarkers and the overall 

symptom number and severity, as well as the probability of reporting each symptom, were 

assessed through generalized linear mixed-effect models (GLMMs) using random intercepts 

for individuals, clustered by countries, sequentially adjusted for potential confounders. The 

use of GLMMs is advantageous because they allow patients to have irregular measurement 

times and are able to handle various patterns of missing data using maximum likelihood 

estimation, including cases in which some participants have more missing data than others. 

Missing data at baseline and over time are reported in Supplementary Table 1 and 

Supplementary Figure 1. Non-linearity was assessed using natural splines. Subgroup analyses 
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were conducted for sex, age group (65-75 vs. >75 years old), and diabetes mellitus status by 

the inclusion of interaction terms in GLMMs models. In the analysis of secondary outcomes, 

to reduce the probability of observing a significant effect by chance because of multiple 

testing, P values were adjusted using the Benjamini–Hochberg procedure for false discovery 

rates33. As sensitivity analyses, first we assessed effect mediation between different 

biomarkers by including possible mediators as covariates in the models and comparing effect 

sizes between the adjusted and unadjusted models, as described by Baron and Kelly34. 

Second, we tested joint effects of different biomarkers by including interaction terms between 

them in the models. Third, due to the high proportion of missing data in the last year of follow 

up, we repeated the analysis censoring patients at Year 4. All analyses were performed with R 

version 4.1.1. 

 

Results 

Patient characteristics 

At baseline (Table 1), the 1396 patients included in the study had a mean age of 76±7 

years and 66% were male. The median Charlson Comorbidity Index (CCI) was 7 (IQR 6-8) 

and median eGFR 17 ml/min/1.73m2 (IQR 14-20). Median PTH was high (144 pg/mL, IQR 

89-223), whereas median and mean levels of phosphate and calcium were in the normal range 

(respectively, 3.9 mg/dL, IQR 3.4-4.5, and 9.4±0.3 mg/dL). We did not find clinically 

relevant differences in baseline characteristics of EQUAL participants included and excluded 

from the current study (Supplementary Table 2). 

 

Symptom burden 

At baseline, patients reported a mean of 13±6 symptoms out of 33, with a median 

overall severity score of 32 (IQR 19-50) out of 165.  
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As shown in Figure 2, the most prevalent symptom at baseline was fatigue (72%), 

followed by musculoskeletal symptoms such as loss of strength (59%), muscle cramps (58%), 

and bone or joint pain (55%), and skin and mucosal disorders (dry skin, dry mouth and 

pruritus: 55, 52 and 51%, respectively). Other frequently reported symptoms were decreased 

interest in sex (53%), difficulty becoming sexually aroused (50%), and swelling in legs 

(52%). 

 

CKD-MBD biomarkers and overall symptom burden 

Both PTH and phosphate levels showed U-shaped associations with the overall 

symptom burden (Supplementary Figure 2). The lowest symptom burden was observed for 

mild-to-moderately increased PTH levelsand for normal phosphate levels. When using 

categories (Figure 3 and Supplementary Table 3), compared to PTH <100 pg/mL, mildly 

increased levels (100-200 pg/mL) were significantly associated with a reduction in symptom 

number and severity (respectively, -0.54 (-1.03, -0.05), P=0.03, and -1.79 (-3.45, -0.13), 

P=0.04). Hyperphosphatemia tended to be associated with a higher symptom burden in the 

unadjusted models, but this association was lost after adjustment for kidney function 

(Supplementary Table 3). Calcium levels were not associated with the overall symptom 

burden. 

 

CKD-MBD biomarkers and specific CKD-related signs and symptoms 

The associations between CKD-MBD biomarkers and the probability of reporting 

each symptom are shown in Figure 4 and Supplementary Table 4. Compared to the reference 

category, mild-to-moderately increased PTH seemed associated with a lower probability of 

bone or joint pain, skin and mucosal disorders and trouble falling asleep. On the other hand, 

PTH levels seemed to be positively associated with the probability of reporting diarrhea and 
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shortness of breath. Phosphate levels seemed associated with gastrointestinal symptoms. In 

particular, hyperphosphatemia seemed to be associated with a higher probability of reporting 

decreased appetite and diarrhea, and a lower probability of vomiting and constipation. 

Compared to calcium in the range 8.5-9.5 mg/dL, higher levels seemed to be associated with 

less frequent muscle cramps, chest pain, and difficulty becoming sexually aroused, whereas 

hypocalcemia seemed associated with a lower probability of dry mouth.  

However, after adjustment for multiple testing none of the above-described 

associations remained statistically significant. 

 

Subgroup analysis 

The observed U-shaped association between PTH and symptom burden was more 

evident in men and to a lesser extent in women (Figure 5 and Supplementary Table 5). 

Similarly, higher PTH levels seemed to be more strongly associated with a lower symptom 

burden in patients older than 75 years compared to younger patients. Severe 

hyperphosphatemia seemed to have a stronger association with increased symptom burden in 

females compared to males and in patients aged 65-75 years compared to older patients, 

although not statistically significant. The association between hypocalcemia and the overall 

symptom burden differed by sex and age (respectively, P for interaction 0.02 and 0.01). 

Women with hypocalcemia had a lower symptom number (-1.72 (-3.28, -0.16), P=0.03) and 

severity (-6.04 (-11.73, -0.35), P=0.04) compared to women with calcium in the reference 

category, while no effect was found in males. Similarly, in the presence of hypocalcemia, 

patients older than 75 years had a lower symptom number (-1.10 (-2.14, -0.06), P=0.04), 

while patients aged 65-75 had a higher symptom number (+1.02 (0, 2.04), P=0.05), both 

compared to the reference group. The associations between CKD-MBD biomarkers and 

individual symptoms in sex and age subgroups are presented in Supplementary Tables 6-7. 
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The association between CKD-MBD biomarkers and the overall symptom burden did 

not differ based on diabetes mellitus status (Supplementary Figure 3). 

 

Sensitivity analyses 

After adjusting for other mineral biomarkers as possible mediators, the results for PTH 

and calcium did not change, while severe hyperphosphatemia showed a stronger association 

with symptom burden, leading to an increase in the number of symptoms of +1.37 ((0.09-

2.65), P=0.04) compared to normophosphatemia (Supplementary Table 3, models E-H). 

We did not detect any joint effect between either calcium and PTH, or calcium and 

phosphate. PTH and phosphate, however, acted as reciprocal effect modifiers, with the 

highest symptom burden found in patients with a combination of both PTH >400 pg/mL and 

severe hyperphosphatemia (+2.44 symptoms (0.5, 4.38), P=0.01) compared to patients with 

normal PTH and phosphate levels (Supplementary Figure 4). 

Finally, the high proportion of missingness in the last year of follow up had little 

effect on the results, as they remained largely unchanged after repeating the analysis using 

only the first four years of follow up (Supplementary Figure 5).  

 

Discussion  

In this study, we describe how CKD-MBD biomarkers are individually and jointly 

associated with uremic symptom burden in a cohort of older patients with advanced CKD not 

on dialysis. Interestingly, we found that mild-to-moderately increased PTH was independently 

associated with a lower symptom burden compared to PTH <100 pg/mL, although the effect 

size of this association was relatively small (less than one symptom). Phosphate and calcium 

were not associated with symptom burden, except for a higher burden found in those with 

severe hyperphosphatemia in the presence of severe hyperparathyroidism. Finally, we 
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analysed these associations by sex and age, and explored 33 individual CKD-related signs and 

symptoms to generate hypotheses for future research on CKD-MBD and patient-related 

outcomes.  

Secondary hyperparathyroidism (SHPT) has traditionally been thought to induce both 

somatic and neuropsychiatric symptoms. In dialysis patients, elevated PTH was associated 

with anorexia14,15, pain16-18, and sleep disorders19,20. Moreover, dialysis patients with 

refractory SHPT have shown reduced bone and joint pain35,36, and improved HRQOL37,38, 

muscle strength36,39, restless legs syndrome 40, and cognition41 after parathyroidectomy or 

calcimimetics therapy. Results on the association between SHPT and pruritus have been 

conflicting42-48. In our cohort, the association between PTH levels and symptom burden 

appeared U-shaped with the lowest symptom burden found for mild-to-moderately increased 

PTH levels. Severe hyperparathyroidism (PTH>400 pg/mL) was associated with a 

significantly higher symptom burden only in the presence of severe hyperphosphatemia. In 

our pre-dialysis cohort, PTH levels are presumably lower than in dialysis patients, with a 

shorter duration of SHPT, but evidence for comparison in this particular population is scant. 

In a cohort of 302 patients with all stages of CKD (88% of whom were not on dialysis), Deme 

et al. found that PTH levels ≥100 pg/mL were associated with fewer musculoskeletal 

disorders compared to PTH ≤65 pg/mL (aOR 0.43 (0.21-0.87), P=0.02)49. In line with their 

results, we also found a trend for bone and joint pain reduction for relatively higher PTH 

levels. Current international guidelines suggest maintaining PTH levels in the range of 

approximately two to nine times the upper normal limit for the assay in dialysis patients50, as 

these levels were associated with the lowest mortality in large observational studies. 

However, consensus regarding the optimal PTH range in non-dialysis CKD patients has not 

yet been reached51 and research has been focusing on hard outcomes such as survival52, 

cardiovascular events and fractures. Our results add a different aspect that should be also 



CKD-MBD and symptom burden in advanced CKD 

 

14 
 

taken into account, as we show that, in this specific population, moderate SHPT is not 

associated with an increased symptom burden, not even for those symptoms traditionally 

thought to be affected by PTH levels, such as bone pain and pruritus. Thus, from a 

“symptom/patient-centred” perspective, the optimal PTH levels in this population might not 

correspond to the normal range for the assay.  

Unexpectedly, we did not find significant associations between either hypo- or 

hyperphosphatemia and overall symptom burden after adjustment for kidney function. 

However, our sensitivity analyses revealed that the association between hyperphosphatemia 

and symptom burden might be partially mediated - or confounded - by changes in PTH, and 

that patients with both severe hyperphosphatemia (>6 mg/dL) and severe hyperparathyroidism 

(>400 pg/mL) had more symptoms. In our cohort, hyperphosphatemia was not associated with 

those symptoms previously described in dialysis patients, such as muscle pain21, pruritus21-23, 

restless legs syndrome 24,25, and sleep disorders26,27. This difference could be attributed to the 

fact that our pre-dialysis cohort had lower phosphate levels than dialysis patients, with only 

14% of measurements above 5 mg/dL, and a shorter exposure to hyperphosphatemia. The 

development of pruritus, for instance, might require a longer duration of abnormal calcium 

and phosphate balance, leading to abnormal distribution of calcium ions in the skin53 or 

subcutaneous ectopic calcifications.  

In the general population, hypercalcemia may manifest with fatigue, constipation, 

anorexia, nausea, anxiety, depression, and cognitive dysfunction54. On the other hand, 

hypocalcemia may cause myalgia and muscle cramps, but also emotional instability, anxiety, 

and depression55. However, few studies have investigated the relationship between calcium 

and symptoms in the specific setting of CKD. In dialysis patients hypercalcemia was 

associated with xerosis and pruritus21-23,28, and with chronic pain16, while increasing calcium 

levels have been inversely associated with the severity of restless legs syndrome 24. In non-
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dialysis CKD patients, few studies suggested a link between calcium levels and cognitive 

impairment56, anxiety, depression and insomnia57. In contrast with these previous findings, we 

did not find significant associations between calcium levels and symptoms, although these 

findings should be interpreted with caution considering the low prevalence of both hypo- and 

hypercalcemia in our cohort (respectively, 7% and 5% of all measurements).  

Interestingly, our subgroup analyses revealed that the association of both 

hypocalcemia and hyperphosphatemia with symptom burden differed by sex. Women with 

hypocalcemia reported a lower symptom burden compared to women with normal calcium 

levels, while this was not observed in males. On the contrary, women with severe 

hyperphosphatemia seemed to report a higher symptom burden, while this was not observed 

in males. It has been previously described that in the EQUAL cohort women had a 

substantially higher symptom burden compared to men32, and that this disparity did not seem 

to be explained by different uremic toxins profiles (including baseline PTH)58. Our 

longitudinal exploration suggests a potential role for mineral biomarkers in explaining sex 

differences in symptom burden. Although not fully understood, a complex interplay exists 

between sex hormones and mineral metabolism, with evidence from experimental studies 

demonstrating that estrogens may affect intestinal calcium absorption59, tubular phosphate 

reabsorption60, PTH transcription61, and bone homeostasis62. Further research is required to 

confirm the existence of an interaction between sex hormones and mineral biomarkers in 

symptom burden.  

Major strengths of our study were the large sample size from six different European 

countries improving the generalizability of our results, the long follow-up time with repeated 

measurements of both CKD-MBD biomarkers and symptom burden, the comprehensive 

assessment of 33 CKD-related symptoms, and the evaluation of joint effect and mediation 

among biomarkers to account for their reciprocal nature. To our knowledge this is the first 
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study analysing the association of PTH, phosphate and calcium with a wide range of 33 CKD-

related signs and symptoms in the non-dialysis CKD population. We also acknowledge some 

limitations. First, laboratory measurements were not centralized, and the specific assays used 

for biomarkers assessment in each center were unknown. This may have increased the 

variance in biomarker measurements. However, some of this variation was taken into account 

by clustering the analyses random effect by country using random effects. Moreover, ionized 

calcium was not available. We also acknowledge that PTH, phosphate and calcium are also 

connected with other biomarkers and given the complexity of the CKD-MBD syndrome, it is 

unlikely that our analysis could fully disentangle the individual contribution of each 

biomarker to symptom burden. Moreover, we only explored possible mediation phenomena 

through Baron and Kenny method and did not conduct a formal mediation analysis, as it was 

beyond the scope of the study. Another limitation is the possibility that missing data on 

symptoms is not missing at random, as the most ill patients might not have been able to fill in 

the questionnaire, and some patients could be embarrassed to report some symptoms (e.g., 

sexual or emotional disorders). Importantly, the observational nature of our study limits our 

ability to identify and control for unmeasured confounders, including vitamin D, fibroblast 

growth factor 23, and alkaline phosphatase. For instance, vitamin D deficiency, a known risk 

factor for hypocalcemia and SHPT, was shown to be associated with depressive symptoms in 

dialysis patients63,64. Even though our findings indicate that phosphate and calcium had no 

significant impact on the overall symptom burden, we cannot exclude the possibility that 

other less frequently measured CKD-MBD biomarkers might play a role in symptoms 

development. Finally, while this study provides valuable insights, it is primarily exploratory. 

We tested multiple hypotheses, including associations between three CKD-MBD biomarkers 

and 33 CKD-related symptoms in the whole cohort and in subgroups. The combination of a 

high number of symptoms tested, the low frequency of some symptoms, and the reduced 
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sample size in subgroups limited our ability to identify statistically robust associations. 

Moreover, after adjusting P values using the Benjamini–Hochberg procedure for false 

discovery rates to reduce the probability of observing a significant effect by chance due to 

multiple testing, none of the individual symptom associations remained significant. Thus, our 

results need caution in their interpretation and require future clinical trials before informing 

treatment approaches. 

In conclusion, we found that in older patients with advanced CKD not on dialysis, 

mild-to-moderately increased PTH was associated with a lower symptom burden, although 

the effect size was small (less than one symptom). Neither phosphate nor calcium levels were 

associated with the overall symptom burden, except for the combination of severe 

hyperphosphatemia and severe hyperparathyroidism which was associated with an increased 

number of symptoms. Although future clinical trials are required to determine treatment 

approaches, our findings do not support aggressive treatment of CKD-MBD solely for 

symptom relief in pre-dialysis CKD. Importantly, our results could aid hypotheses generation 

and patient selection for future research. For instance, patients with both severe 

hyperphosphatemia and hyperparathyroidism could be a potential target group for further 

investigation in randomized clinical trials. 

 

Acknowledgements 

We would like to thank all the participants and health professionals participating in the 

EQUAL study.  

 

Conflicts of Interest 



CKD-MBD and symptom burden in advanced CKD 

 

18 
 

The authors have nothing to disclose in respect to the present research. However, outside this 

work: MC declares advisory/lecture fees from Amgen, Abbvie, Shire, Vifor-Pharma, and 

Baxter; FC received honoraria from Baxter Healthcare; ME reports payment for advisory 

boards and lectures by Astellas pharma, Vifor Pharma and Astra Zeneca, institutional grants 

from Astra Zeneca and Astellas pharma.  

The authors declare that the results presented in this paper have not been published 

previously. 

 

Authors’ Contributions 

LM: conceptualization, formal analysis, investigation, writing the original draft. MC: 

conceptualization, review. KJ: conceptualization, funding acquisition, supervision, and 

review. NC: conceptualization, project administration, supervision, and review. All authors 

contributed to data curation, reviewed the manuscript draft, and approved the final version of 

the article. 

 

Funding 

Main funding was received from the European Renal Association (ERA) and contributions 

from the Swedish Medical Association (SLS), the Stockholm County Council ALF Medicine 

and Centre for Innovative research (CIMED), the Italian Society of Nephrology (SIN-Reni), 

the Dutch Kidney Foundation (SB 142), the Young Investigators grant in Germany, and the 

National Institute for Health Research (NIHR) in the United Kingdom. 

 

Data Availability Statement 



CKD-MBD and symptom burden in advanced CKD 

 

19 
 

The data underlying this article are sensitive health data and cannot be shared publicly due to 

privacy reasons. The data will be shared on reasonable request to the corresponding author. 

 

References 

1. Fletcher B, Damery S, Aiyegbusi OL, et al. Symptom burden and health-related quality 

of life in chronic kidney disease: A global systematic review and meta-analysis. Plos Medicine. 

Apr 2022;19(4)e1003954. doi:10.1371/journal.pmed.1003954 

2. Almutary H, Bonner A, Douglas C. Symptom Burden in Chronic Kidney Disease: A 

Review of Recent Literature. J Renal Care. Sep 2013;39(3):140-150. doi:10.1111/j.1755-

6686.2013.12022.x 

3. Caplin B, Kumar S, Davenport A. Patients' perspective of haemodialysis-associated 

symptoms. Article. Nephrology Dialysis Transplantation. Aug 2011;26(8):2656-U2000. 

doi:10.1093/ndt/gfq763 

4. Murphy EL, Murtagh FEM, Carey I, Sheerin NS. Understanding Symptoms in Patients 

with Advanced Chronic Kidney Disease Managed without Dialysis: Use of a Short Patient-

Completed Assessment Tool. Nephron Clin Pract. 2009;111(1):C74-C80. 

doi:10.1159/000183177 

5. Murtagh FEM, Addington-Hall J, Higginson IJ. The prevalence of symptoms in end-

stage renal disease: A systematic review. Adv Chronic Kidney D. Jan 2007;14(1):82-99. 

doi:10.1053/j.ackd.2006.10.001 

6. Murtagh FEM, Addington-Hall JM, Edmonds PM, et al. Symptoms in advanced renal 

disease: A cross-sectional survey of symptom prevalence in stage 5 chronic kidney disease 

managed without dialysis. J Palliat Med. Dec 2007;10(6):1266-1276. 

doi:10.1089/jpm.2007.0017 

7. Weisbord SD, Fried LF, Arnold RM, et al. Prevalence, severity, and importance of 

physical and emotional symptoms in chronic hemodialysis patients. Article. Journal of the 

American Society of Nephrology. Aug 2005;16(8):2487-2494. doi:10.1681/asn.2005020157 

8. Voskamp PWM, van Diepen M, Evans M, et al. The impact of symptoms on health-

related quality of life in elderly pre-dialysis patients: effect and importance in the EQUAL 

study. Nephrol Dial Transpl. Oct 2019;34(10):1707-1715. doi:10.1093/ndt/gfy167 

9. Morton RL, Tong A, Howard K, Snelling P, Webster AC. The views of patients and 

carers in treatment decision making for chronic kidney disease: systematic review and thematic 

synthesis of qualitative studies. Bmj-British Medical Journal. Jan 2010;340c112. 

doi:10.1136/bmj.c112 

10. Cabrera VJ, Hansson J, Kliger AS, Finkelstein FO. Symptom Management of the 

Patient with CKD: The Role of Dialysis. Clin J Am Soc Nephro. Apr 2017;12(4):687-693. 

doi:10.2215/Cjn.01650216 

11. Members KB. Chapter 5: Referral to specialists and models of care. Kidney Int Suppl. 

2013;3(1):112-119. doi:https://doi.org/10.1038/kisup.2012.68 

12. de Rooij ENM, Meuleman Y, de Fijter JW, et al. Symptom Burden before and after 

Dialysis Initiation in Older Patients. Clinical Journal of the American Society of Nephrology. 

Dec 2022;17(12):1719-1729. doi:10.2215/cjn.09190822 

13. Group KDIGOKC-MW. KDIGO Clinical Practice Guideline for the Diagnosis, 

Evaluation, Prevention, and Treatment of Chronic Kidney Disease-Mineral and Bone Disorder 

(CKD-MBD). Kidney International. 2009;76(Supplement 113):S1-S130.  

https://doi.org/10.1038/kisup.2012.68


CKD-MBD and symptom burden in advanced CKD 

 

20 
 

14. Komaba H, Zhao JH, Yamamoto S, et al. Secondary hyperparathyroidism, weight loss, 

and longer term mortality in haemodialysis patients: results from the DOPPS. J Cachexia 

Sarcopeni. Aug 2021;12(4):855-865. doi:10.1002/jcsm.12722 

15. Ribeiro MCCB, Vogt BP, Vannini FCD, Caramori JCT. Role of parathyroid hormone 

in anorexia on maintenance hemodialysis patients. Clin Nutr Espen. Dec 2019;34:137-141. 

doi:10.1016/j.clnesp.2019.07.008 

16. Golan E, Haggiag I, Os P, Bernheim J. Calcium, Parathyroid Hormone, and Vitamin D: 

Major Determinants of Chronic Pain in Hemodialysis Patients. Clin J Am Soc Nephro. Aug 

2009;4(8):1374-1380. doi:10.2215/Cjn.00680109 

17. Malindretos P, Sarafidis P, Lazaridis A, Nikolaidis P. A study of the association of 

higher parathormone levels with health-related quality of life in hemodialysis patients. Clin 

Nephrol. Mar 2012;77(3):196-203. doi:10.5414/Cn107030 

18. Levy AR, Xing S, Brunelli SM, et al. Symptoms of Secondary Hyperparathyroidism in 

Patients Receiving Maintenance Hemodialysis: A Prospective Cohort Study. American Journal 

of Kidney Diseases. Mar 2020;75(3):373-383. doi:10.1053/j.ajkd.2019.07013 

19. Cengic B, Resic H, Spasovski G, Avdic E, Alajbegovic A. Quality of sleep in patients 

undergoing hemodialysis. Int Urol Nephrol. Apr 2012;44(2):557-567. doi:10.1007/s11255-

010-9881-x 

20. Sabbatini M, Minale B, Crispo A, et al. Insomnia in maintenance haemodialysis 

patients. Nephrol Dial Transpl. May 2002;17(5):852-856. doi:DOI 10.1093/ndt/17.5.852 

21. Noordzij M, Boeschoten EW, Bos WJ, et al. Disturbed mineral metabolism is associated 

with muscle and skin complaints in a prospective cohort of dialysis patients. Nephrol Dial 

Transpl. Oct 2007;22(10):2944-2949. doi:10.1093/ndt/gfm319 

22. Narita I, Alchi B, Omori K, et al. Etiology and prognostic significance of severe uremic 

pruritus in chronic hemodialysis patients. Kidney International. May 2006;69(9):1626-1632. 

doi:10.1038/sj.ki.5000251 

23. Pisoni RL, Wikström B, Elder SJ, et al. Pruritus in haemodialysis patients:: international 

results from the Dialysis Outcomes and Practice Patterns Study (DOPPS). Nephrol Dial 

Transpl. Dec 2006;21(12):3495-3505. doi:10.1093/ndt/gfl461 

24. Neves PDMM, Graciolli FG, Oliveira IB, Bridi RA, Moysés RMA, Elias RM. Effect of 

Mineral and Bone Metabolism on Restless Legs Syndrome in Hemodialysis Patients. J Clin 

Sleep Med. 2017;13(1):89-94. doi:10.5664/jcsm.6396 

25. Sabry AA, Abo-Zenah H, Wafa E, et al. Sleep Disorders in Hemodialysis Patients. Saudi 

J Kidney Dis T. Mar-Apr 2010;21(2):300-305.  

26. Ezzat H, Mohab A. Prevalence of sleep disorders among ESRD patients. Renal Failure. 

2015;37(6):1013-1019. doi:10.3109/0886022x.2015.1044401 

27. Unruh ML, Hartunian MG, Chapman MM, Jaber BL. Sleep quality and clinical 

correlates in patients on maintenance dialysis. Clin Nephrol. Apr 2003;59(4):280-288.  

28. Duque MI, Thevarajah S, Chan YH, Tuttle AB, Freedman BI, Yosipovitch G. Uremic 

pruritus is associated with higher Kt/V and serum calcium concentration. Clin Nephrol. Sep 

2006;66(3):184-191.  

29. Jager KJ, Ocak G, Drechsler C, et al. The EQUAL study: a European study in chronic 

kidney disease stage 4 patients. Nephrol Dial Transpl. Oct 2012;27:27-31. 

doi:10.1093/ndt/gfs277 

30. Weisbord SD, Fried LF, Arnold RM, et al. Development of a symptom assessment 

instrument for chronic hemodialysis patients: The dialysis symptom index. J Pain Symptom 

Manag. Mar 2004;27(3):226-240. doi:10.1016/j.jpainsymman.2003.07.004 

31. Janmaat CJ, van Diepen M, Meuleman Y, et al. Kidney function and symptom 

development over time in elderly patients with advanced chronic kidney disease: results of the 



CKD-MBD and symptom burden in advanced CKD 

 

21 
 

EQUAL cohort study. Nephrology Dialysis Transplantation. May 2021;36(5):862-870. 

doi:10.1093/ndt/gfz277 

32. van de Luijtgaarden MWM, Caskey FJ, Wanner C, et al. Uraemic symptom burden and 

clinical condition in women and men of ≥65years of age with advanced chronic kidney disease: 

results from the EQUAL study. Nephrol Dial Transpl. Jul 2019;34(7):1189-1196. 

doi:10.1093/ndt/gfy155 

33. Benjamini Y, Hochberg Y. CONTROLLING THE FALSE DISCOVERY RATE - A 

PRACTICAL AND POWERFUL APPROACH TO MULTIPLE TESTING. Journal of the 

Royal Statistical Society Series B-Statistical Methodology. 1995;57(1):289-300. 

doi:10.1111/j.2517-6161.1995.tb02031.x 

34. Baron RM, Kenny DA. The Moderator-Mediator Variable Distinction in Social-

Psychological Research - Conceptual, Strategic, and Statistical Considerations. Journal of 

Personality and Social Psychology. Dec 1986;51(6):1173-1182. doi:10.1037/0022-

3514.51.6.1173 

35. Chertow GM, Lu ZJ, Xu X, et al. Self-reported symptoms in patients on hemodialysis 

with moderate to severe secondary hyperparathyroidism receiving combined therapy with 

cinacalcet and low-dose vitamin D sterols. Hemodialysis International. Apr 2012;16(2):188-

197. doi:10.1111/j.1542-4758.2011.00642.x 

36. Zhang DL, Chen S, Gao MZ, et al. Ultrasound-Guided Radiofrequency Ablation: A 

New Attempt to the Treatment of Refractory Hyperparathyroidism Secondary to Chronic 

Kidney Disease. Kidney International Reports. Feb 2022;7(2):282-288. 

doi:10.1016/j.ekir.2021.11.038 

37. Wang L, Xin MH, Ma Y, et al. Effect of Parathyroidectomy on Quality of Life Among 

Patients Undergoing Dialysis. International Journal of General Medicine. 2022;15:1185-1192. 

doi:10.2147/ijgm.s354145 

38. Cunningham J, Danese M, Olson K, Klassen P, Chertow GM. Effects of the 

calcimimetic cinacalcet HCl on cardiovascular disease, fracture, and health-related quality of 

life in secondary hyperparathyroidism. Kidney International. Oct 2005;68(4):1793-1800. 

doi:10.1111/j.1523-1755.2005.00596.x 

39. Jimeno-Fraile J, Cao H, Sancho-Insenser J, Lorente-Poch L, Sitges-Serra A. Muscle 

strength, physical performance, and metabolic changes after subtotal parathyroidectomy for 

secondary hyperparathyroidism. Surgery. Apr 2021;169(4):846-851. 

doi:10.1016/j.surg.2020.10.002 

40. Santos RSS, Coelho FMS, da Silva BC, et al. Parathyroidectomy Improves Restless Leg 

Syndrome in Patients on Hemodialysis. Plos One. May 2016;11(5)e0155835. 

doi:10.1371/journal.pone.0155835 

41. Chou FF, Chen JB, Hsieh KC, Liou CW. Cognitive changes after parathyroidectomy in 

patients with secondary hyperparathyroidism. Surgery. Apr 2008;143(4):526-532. 

doi:10.1016/j.surg.2007.11.019 

42. Bakthavatchalu P, Kombettu AP, Betkerur J, Kushalappa PA, Chetan CS. PROFILE OF 

SKIN CHANGES AND ITS ASSOCIATION WITH BIOCHEMICAL PARAMETERS IN 

HAEMODIALYSIS PATIENTS. Journal of Evolution of Medical and Dental Sciences-Jemds. 

Dec 2016;5(97):7120-7124. doi:10.14260/jemds/2016/1612 

43. Bolanos CG, Pham NM, Mair RD, Meyer TW, Sirich TL. Metabolomic analysis of 

uremic pruritus in patients on hemodialysis. Plos One. Feb 2021;16(2)e0246765. 

doi:10.1371/journal.pone.0246765 

44. Dyachenko P, Shustak A, Rozenman D. Hemodialysis-related pruritus and associated 

cutaneous manifestations. International Journal of Dermatology. Jun 2006;45(6):664-667. 

doi:10.1111/j.1365-4632.2005.02592.x 



CKD-MBD and symptom burden in advanced CKD 

 

22 
 

45. Hu TH, Wang B, Liao XH, Wang SX. Clinical features and risk factors of pruritus in 

patients with chronic renal failure. Experimental and Therapeutic Medicine. Aug 

2019;18(2):964-971. doi:10.3892/etm.2019.7588 

46. Makhlough A, Emadi N, Sedighi O, Khademloo M, Bicmohamadi AR. Relationship 

Between Serum Intact Parathyroid Hormone and Pruritus in Hemodialysis Patients. Iranian 

Journal of Kidney Diseases. Jan 2013;7(1):42-46.  

47. Shirazian S, Kline M, Sakhiya V, et al. Longitudinal Predictors of Uremic Pruritus. 

Journal of Renal Nutrition. Nov 2013;23(6):428-431. doi:10.1053/j.jrn.2013.08.002 

48. Solak B, Acikgoz SB, Sipahi S, Erdem T. Epidemiology and determinants of pruritus 

in pre-dialysis chronic kidney disease patients. International Urology and Nephrology. Apr 

2016;48(4):585-591. doi:10.1007/s11255-015-1208-5 

49. Deme S, Fisseha B, Kahsay G, Melese H, Alamer A, Ayhualenn S. Musculoskeletal 

Disorders and Associated Factors Among Patients with Chronic Kidney Disease Attending at 

Saint Paul Hospital, Addis Ababa, Ethiopia. International Journal of Nephrology and 

Renovascular Disease. 2021;14:291-300. doi:10.2147/ijnrd.s319991 

50. Group KDIGOKC-MUW. KDIGO 2017 Clinical Practice Guideline Update for the 

Diagnosis, Evaluation, Prevention, and Treatment of Chronic Kidney Disease-Mineral and 

Bone Disorder (CKD-MBD). Kidney International Supplements. Jul 2017;7(1):1-59.  

51. Ketteler M, Bover J, Mazzaferro S, Group EC-MW. Treatment of secondary 

hyperparathyroidism in non-dialysis CKD: an appraisal 2022s. Nephrology Dialysis 

Transplantation. 2022; 

52. Magagnoli L, Cozzolino M, Caskey FJ, et al. Association between CKD-MBD and 

mortality in older patients with advanced CKD-results from the EQUAL study. Nephrology 

Dialysis Transplantation. 2023 May 2023;doi:10.1093/ndt/gfad100 

53. Momose A, Kudo S, Sato M, et al. Calcium ions are abnormally distributed in the skin 

of haemodialysis patients with uraemic pruritus. Nephrology Dialysis Transplantation. Aug 

2004;19(8):2061-2066. doi:10.1093/ndt/gfh287 

54. Elizabeth S. Clinical manifestations of hypercalcemia. In: Rosen CJ, ed. UpToDate. 

2022. 

55. David G. Clinical manifestations of hypocalcemia. In: Rosen CJ, ed. UpToDate. 2022. 

56. Aggarwal H, Jain D, Bhavikatti A. Cognitive dysfunction in patients with chronic 

kidney disease. Saudi Journal of Kidney Diseases and Transplantation. 2020;31(4):796.  

57. Aggarwal H, Jain D, Dabas G, Yadav R. Prevalence of depression, anxiety and insomnia 

in chronic kidney disease patients and their co-relation with the demographic variables. Prilozi. 

2017;38(2):35-44.  

58. Massy ZA, Chesnaye NC, Larabi IA, et al. The relationship between uremic toxins and 

symptoms in older men and women with advanced chronic kidney disease. Clin Kidney J. Mar 

31 2022;15(4):798-807. doi:10.1093/ckj/sfab262 

59. ten Bolscher M, Netelenbos JC, Barto R, Van Buuren LM, Van der Vijgh WJF. Estrogen 

regulation of intestinal calcium absorption in the intact and ovariectomized adult rat. Journal 

of Bone and Mineral Research. Jul 1999;14(7):1197-1202. doi:10.1359/jbmr.1999.14.7.1197 

60. Faroqui S, Levi M, Soleimani M, Amlal H. Estrogen downregulates the proximal tubule 

type IIa sodium phosphate cotransporter causing phosphate wasting and hypophosphatemia. 

Kidney International. May 2008;73(10):1141-1150. doi:10.1038/ki.2008.33 

61. Carrillo-López N, Román-García P, Rodríguez-Rebollar A, Fernández-Martín JL, 

Naves-Díaz M, Cannata-Andía JB. Indirect Regulation of PTH by Estrogens May Require 

FGF23. Journal of the American Society of Nephrology. Sep 2009;20(9):2009-2017. 

doi:10.1681/asn.2008121258 

62. Khosla S, Monroe DG. Regulation of Bone Metabolism by Sex Steroids. Cold Spring 

Harbor Perspectives in Medicine. Jan 2018;8(1)a031211. doi:10.1101/cshperspect.a031211 



CKD-MBD and symptom burden in advanced CKD 

 

23 
 

63. Jhee JH, Kim H, Park S, et al. Vitamin D deficiency is significantly associated with 

depression in patients with chronic kidney disease. Plos One. Feb 2017;12(2)e0171009. 

doi:10.1371/journal.pone.0171009 

64. Yavuz YC, Biyik Z, Ozkul D, et al. Association of depressive symptoms with 25(OH) 

vitamin D in hemodialysis patients and effect of gender. Clinical and Experimental Nephrology. 

Jan 2020;24(1):63-72. doi:10.1007/s10157-019-01794-7 

  



CKD-MBD and symptom burden in advanced CKD 

 

24 
 

Table 1: Baseline characteristics 

 
 

Overall 

(N = 1396) 

S
o
ci

o
-d

em
o
g
ra

p
h
ic

 f
ac

to
rs

 Age (years) 76.2 ± 6.7 

Sex, male 923 (66.1) 

Country  

   Germany 136 (9.7) 

   Italy 323 (23.1) 

   The Netherlands 206 (14.8) 

   Poland 78 (5.6) 

   Sweden 297 (21.3) 

   United Kingdom 356 (25.5) 

M
ed

ic
al

 h
is

to
ry

 

Primary cause of kidney disease   

   Glomerular disease 138 (9.9) 

   Tubulointerstitial disease 125 (9) 

   Diabetes mellitus 282 (20.3) 

   Hypertension 509 (36.6) 

   Other/Unknown 335 (24.1) 

Hypertension 1195 (89.1) 

Diabetes mellitus 569 (41.4) 

Charlson comorbidity score 7.0 [6.0, 8] 

K
id

n
ey

 

fu
n
ct

io
n

 

CKD-EPI eGFR (ml/min/1.73m2) 17.0 [13.9, 20] 

Creatinine (mg/dL) 3.15 [2.59, 3.76] 

Urea (mg/dL) 115 [92, 144] 

B
lo

o
d
 e

x
am

s 

PTH (pg/mL) 144 [89, 223] 

Phosphate (mg/dL) 3.9 [3.4, 4.5] 

Corrected calcium (mg/dL) 9.4 ± 0.3 

Sodium (mmol/L) 140.1 ± 3.3 

Potassium (mmol/L) 4.6 ± 0.6 

Albumin (g/dL) 3.8 ± 0.5 

Hemoglobin (g/dL) 11.6 ± 1.5 

M
ed

ic
at

io
n
s 

Vitamin D  

   Inactive supplements and prodrugs 235 (17) 

   Active vitamin D 57 (4.1) 

Phosphate binders 202 (14.6) 

Calcimimetics 14 (1) 

S
y
m

p
to

m
s 

Overall symptom number (0-33) 12.6 ± 6.4 

Overall symptom severity (0-165) 32.0 [19, 50] 
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Notes: Data are reported as mean ± standard deviation for normal continuous variables, 

median [interquartile range] for non-normal continuous variables, and number (percentage) 

for categorical variables. For each variable the proportion of missing data is reported. eGFR 

was calculated using the CKD-EPI 2009 equation (race-based). 

Abbreviations: CKD-EPI, chronic kidney disease epidemiology collaboration; eGFR, 

estimated glomerular filtration rate; PTH, parathyroid hormone. 

Conversion factors for units: serum creatinine in mg/dL to μmol/L, ×88.4; urea in mg/dL to 

mmol/L, × 0.167; PTH in pg/mL to pmol/L, ×0.106; phosphate in mg/dL to mmol/L, ×0.323; 

calcium in mg/dL to mmol/L, ×0.250. 
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Figure 1 

Title: Flow diagram of patient selection. 

 

Figure 2 

Title: Prevalence of all symptoms at baseline. 

Legend: The bar plot represents the proportion of patients who reported each symptom at 

baseline. The grey color scale represents the severity of each symptom reported. Symptoms 

are divided in groups (by color).  

 

Figure 3 

Title: Associations between mineral biomarkers and overall symptom burden. 

Legend: In each column, the bar plot at the bottom represents the number of measurements of 

each biomarker in categories; the top and central forest plots represent the association 

between the biomarker and the overall symptom number and the overall symptom severity, 

respectively. Numbers reported in the forest plots represent the median symptom number and 

severity in the reference category. The model represented consists of a generalized linear 

mixed-effect model using random intercept for individuals, clustered by countries, adjusted 

for age, sex, baseline Charlson Comorbidity Index, eGFR, urea, albumin, hemoglobin, and 

baseline medications (vitamin D, phosphate binders and calcimimetics). 

Abbreviations: eGFR, estimated glomerular filtration rate; PTH, parathyroid hormone. 

Conversion factors for units: PTH in pg/mL to pmol/L, ×0.106; phosphate in mg/dL to 

mmol/L, ×0.323; calcium in mg/dL to mmol/L, ×0.250. 

 

Figure 4 

Title: Associations between mineral biomarkers and all symptoms  

Legend: Heatmap representing the association between each biomarker category and the 

probability of having each symptom, reported as odd ratio in each cell. All models are 

generalized linear mixed-effect models using random intercepts for individuals, clustered by 

countries, adjusted for age, sex, baseline Charlson Comorbidity Index, and eGFR. Other 

confounders were used for each specific outcome, as appropriate: urea, albumin, hemoglobin 

for general and musculoskeletal symptoms; urea, albumin, and baseline medications for 

gastrointestinal symptoms; albumin and hemoglobin for cardio-pulmonary symptoms; urea 

and baseline medications for skin and mucosal disorders; urea and hemoglobin for 

neurological symptoms; hemoglobin for sexual disorders. After adjustment for multiple 

testing none of these associations remained statistically significant. 

Abbreviations: eGFR, estimated glomerular filtration rate; PTH, parathyroid hormone. 

Conversion factors for units: PTH in pg/mL to pmol/L, ×0.106; phosphate in mg/dL to 

mmol/L, ×0.323; calcium in mg/dL to mmol/L, ×0.250. 

 

Figure 5 

Title: Associations between mineral biomarkers and overall symptom burden in subgroups 

based on sex and age. 

Legend: Panel A shows the association between different categories of PTH (left), 

phosphorus (middle) and calcium (right) with the total number of symptoms (top) and total 
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severity (middle), in men (blue) and women (pink). The models represented consist of 

generalized linear mixed-effect models using random intercepts for individuals, clustered by 

countries, adjusted for age, kidney function, albumin, hemoglobin, baseline Charlson 

Comorbidity Index and baseline medications (vitamin D, phosphate binders, calcimimetics). 

The bar graph at the bottom shows the number of each category by gender. The asterisks 

represent the statistical significance of the interaction (P<0.05). The numbers in italics 

represent the average value in the reference category by sex. 

Similarly, panel B shows the association between different categories of biomarkers with the 

overall symptom burden, in patients aged 65 to 75 (green) and patients older than 75 (orange). 

These generalized linear mixed-effect models are adjusted for sex, kidney function, albumin, 

hemoglobin, baseline Charlson Comorbidity Index and baseline medications (vitamin D, 

phosphate binders, calcimimetics).  

Abbreviations: PTH, parathyroid hormone. 

Conversion factors for units: PTH in pg/mL to pmol/L, ×0.106; phosphate in mg/dL to 

mmol/L, ×0.323; calcium in mg/dL to mmol/L, ×0.250. 
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