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Introduction: Hyperparathyroidism due to chronic kidney 
disease (CKD) is a common complication characterized 
by elevated parathyroid hormone (PTH) levels secondary 
to derangements in the homeostasis of calcium and 
phosphorus. The aim of our study was to figure out PTH, 
calcium, phosphorus, and magnesium levels in CKD and the 
possible correlations between them and the stages of CKD. 

Materials and Methods: We performed a prospective study 
including 217 outpatients with levels of serum creatinine 
out of reference range from February 2023 to July 2024. 
We calculated the glomerular filtration rate (eGFR) with 
the 2021 CKD-Epi equation using serum creatinine. We 
used Jamovi Statistical Software version 2.3.28. A “p” 
value equal to or less than 0.05 was considered statistically 
significant.

Results: We had 105 females (48%) and 112 males (52%), 
median age 72 years (35-94yrs). We found differences 
in PTH and phosphorus levels between distinct stages of 
CKD. For PTH the differences were found between stages 
IIIa and IV (p<0.001), IIIb and IV (p=0.001), while for 
phosphorus between stages IIIa and IIIb (p=0.003), IIIa and 
IV (p<0.001), IIIb and IV (p=0.01). We found correlation 
between eGFR and PTH (r= -0.360, p=0.001), eGFR 
and calcium (r=0.169, p=0.015), eGFR and magnesium 
(r= -0.153, p=0.028), eGFR and phosphorus (r= -0.336, 
p<0.001). 

Conclusions: We concluded that there is a statistically 
significant correlation between PTH and stages of CKD, but 
the strength of correlation is low, it cannot be generalized, 
therefore each patient with CKD must be assessed 
individually.
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Introduction
Chronic kidney disease (CKD) is a progressive condition that 
affects more than 10% of the general population worldwide, 
amounting to over 800 million individuals [1].
One crucial complication of CKD is secondary 
hyperparathyroidism (SHPT), marked by elevated parathyroid 
hormone levels due to hyperphosphatemia, hypocalcemia, and 
low active vitamin D from impaired renal function [2].
According to the kidney disease: Improving Global Outcomes 
(KDIGO) guidelines, SHPT screening should begin at CKD 
stage III-that is, when the eGFR drops below 60 mL/min/1.73 
m² [3].
In our daily practice, we have noticed that PTH as a biomarker 
in CKD is slightly overestimated by clinicians.
The aim of our study was to measure levels of PTH, calcium, 
phosphorus, and magnesium and assess their correlation with 
CKD stages.

Materials and methods
We performed a descriptive and prospective study. We 
identified patients with an elevated serum creatinine level 
more than 1.02 mg/dL for females and more than 1.3 mg/
dL for males, from all patients subjected to blood sampling 
for chemistry analyses at Polyclinic Father Luigi Monti and 
Catholic Hospital “Our Lady of Good Counsel’’ Tirana, Albania 
during the period February 2023 through July 2024. 
To keep the confidentiality of participants’ data, we coded the 
identity of each participant in the study, according to The Code 
of Ethics of the World Medical Association (Declaration of 
Helsinki) for experiments involving humans.
Peripheral venous blood was collected in BD Vacutainer 
SST II Advance 3.5 mL tubes and processed within 2 h from 
collection. Creatinine, calcium, magnesium, phosphorus, 
were analyzed on an integrated chemistry system Dimension 

EXL  200 (SIEMENS) according to the routine methods and 
the manufacturer’s instructions. We stored 1 mL of serum for 
each patient, including in our study at -20 degrees Celsius and 
measured PTH on ADVIA Centaur XPT (SIEMENS) with 
chemiluminescence.
We calculated the estimated glomerular filtration rate (eGFR) 
with the 2021 CKD-Epi equation using serum creatinine.

Statistics
All data management and statistical analyses were performed 
using Jamovi Statistical Software version 2.3.28. We 
performed basic descriptions for all variables, and we have 
studied frequencies. We used the Shapiro-Wilk test for normal 
distribution. We tested differences with Kruskal-Wallis for 
non-parametric variables between more than two groups. We 
performed Pearson’s correlations; a two-sided p-value of 0.05 
or less was considered statistically significant. We did linear 
regression analysis, and we used coefficient “t” to measure the 
statistical significance of an independent variable in explaining 
the dependent variable, and r2 (coefficient of determination) 
to measure the percentage of the variation in the dependent 
variable that is explained by variation in the independent 
variable.

Results
From February 2023 to July 2024, 4731 patients performed a 
serum creatinine test in our laboratory, of which 217 patients 
had abnormal serum creatinine levels. The prevalence of 
chronic kidney disease for our patients was 4.6%. Our sample 
had 105 females and 112 males, with a median age of 72 years 
old (35-94 years old). 
The key characteristics of the patients according to age group 
classification are summarized in Table 1. 

Table 1: The key characteristics of the patients according to age group classification.

Age group eGFR (mL/
min/1.73 m2)

PTH (pg/mL) Calcium (mg/
dL)

Magnesium 
(mg/dL)

Phosphorus 
(mg/dL)

Reference 
ranges*

≥ 90 G1
60-89 G2
45-59 G3a
30-44 G3b
15-29 G4
< 15 G5

18.5-88 8.5-10.1 1.8-2.4 2.6-4.7

Number of 
patients

≤ 65 yrs 47 47 47 47 47

66–75 yrs 82 82 82 82 82
> 75 yrs 88 88 88 88 88

Median ≤ 65 yrs 49 66 9.3 2 3.6
66–75 yrs 44 74 9.4 1.9 3.4
> 75 yrs 42 96 9.3 2.1 3.6
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Patients were divided into three groups: ≤ 65 years old, 66-75 
years old, and older than 75 years old. The groups had more 
than 30 outpatients, but the data was not normally distributed. 
We used the median instead of the mean to show the central 
tendency and the IQR (interquartile range) instead of standard 
deviation to measure the variability. 
We found that the dominant age group was > 75 years, with 
40%, while only 22% of outpatients were ≤ 65 years old. It is 
noticeable that, except for PTH (Figure 1), in the age group 

over 75 years old where median was higher than the reference, 
all the other variables have a median within the range of 
reference values. The maximum value for all variables was 
present in the age group > 75 years, except for calcium, which 
was found in patients ≤ 65 years old. We found that for all age 
groups the IQR was within the range of reference values for 
all variables except for PTH which had an upper limit of IQR 
outside the reference value. 

We noticed that about the eGFR (Figure 2), the minimum value 
in patients over 75 years old was 7 mL/min/1.73 m2, stages 
G5, kidney failure, while patients ≤ 65 years old and 66–75 
years old had the minimum value 21 mL/min/1.73 m2 and 20 
mL/min/1.73 m2 respectively, stages G4, severely decreased. 

Regarding the maximum value, age group ≤ 65 years old was 
in stages G2, mildly decreased, and age groups 66-75 years old 
and > 75 years old were in stages G3a, mildly to moderately 
decreased.

Figure 1: Distribution of PTH levels according to age groups (b is ≤ 65 yrs, c is 66-75yrs and d is > 75 yrs).

*The reference range for the eGFR was based on the KDIGO 2012 clinical practice guidelines, while the reference range for the PTH, calcium, magnesium 
and phosphorus were based on instructions for use papers provided by manufacturers.

Minimum ≤ 65 yrs 21 6 6.9 1.3 2.6
66–75 yrs 20 11 8.2 1.3 1.6
> 75 yrs 7 9 6.6 1.3 1.8

Maximum ≤ 65 yrs 73 257 12.5 3.2 5.9
66–75 yrs 59 261 12 2.9 5.4
> 75 yrs 58 368 12.2 4 6.3

IQR ≤ 65 yrs 41-58 38-92 8.8-9.6 1.8-2.3 3.3-4.1
66–75 yrs 37-52 55-116 9.0-9.8 1.7-2.2 3.1-3.8
> 75 yrs 34-47 65-149 9.0-9.7 1.9-2.3 3.2-4.0
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Figure 2: Distribution of CKD stages according to age groups.

Table 2: One-Way ANOVA (Non-parametric) Kruskal-Wallis for different age groups.

Table 3: Biochemical trends across distinct stages of chronic kidney disease.

χ² df p ε²
PTH 15.302 2 < .001 0.07084
Calcium 1.793 2 0.408 0.0083
Magnesium 8.738 2 0.013 0.04046
Phosphorus 6.632 2 0.056 0.03071

Evaluation of parathormone levels in chronic kidney disease

The age group classification helped us also to find the 
differences of biochemical parameters between them. For this 
reason, we used the Kruskal-Wallis test for non-parametric 
variables in Table 2. 
We found age-related differences in PTH, and magnesium 

levels as follows: PTH was significantly higher in patients over 
75 years old compared to younger groups, and magnesium 
levels differed significantly between the 66–75 years old and 
>75 years old age groups.

About the distinct stages of chronic kidney disease, we found 
that G3a predominated with 44% followed by G3b with 38%. 

This distribution allowed us to examine biochemical trends 
across a range of CKD severities, as shown in Table 3.

CKD-Stages PTH (pg/mL) Calcium (mg/dL) Magnesium (mg/
dL)

Phosphorus (mg/
dL)

Number of 
patients

G2 9 9 9 9

G3a 96 96 96 96
G3b 83 83 83 83
G4 27 27 27 27
G5 2 2 2 2

Median G2 72 9.5 2 3.6
G3a 72 9.4 2 3.4
G3b 87 9.3 2.1 3.6
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Figure 3: Distribution of PTH across distinct stages of CKD.
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PTH median value and the IQR were out of the reference 
range only in G4 and G5 stages of CKD (Figure 3). In stages 

of G3a and G3b, only the upper limits of IQR were beyond the 
reference range. 

For calcium, magnesium, and phosphorus, the median values 
were inside the reference range, except in stages G5 where 
for magnesium and phosphorus they were higher than the 
reference (Figure 4,5,6). The IQR was within the reference for 

all variables in all CKD stages, except in G5 where calcium 
trended to be lower, and magnesium and phosphorus trended to 
be higher.

G4 144 9.2 2.1 4
G5 114 8.7 2.7 5.8

Minimum G2 6 8.4 1.6 2.9
G3a 11 6.9 1.3 2.3
G3b 9 6.6 1.3 1.8
G4 20 7.3 1.7 1.6
G5 77 8.2 2.4 5.3

Maximum G2 96 12.5 2.6 4.7
G3a 368 12.2 2.8 5.9
G3b 261 11.9 3.2 5.4
G4 257 10.7 4 5.8
G5 151 9.1 2.9 6.3

IQR G2 37-82 8.7-10.6 2-2.4 3.2-3.9
G3a 50-99 9.0-9.8 1.7-2.3 3.0-3.6
G3b 55-132 9.1-9.7 1.8-2.2 3.3-4.0
G4 122-189 8.8-9.5 1.9-2.3 3.7-4.3
G5 95-133 8.4-8.9 2.5-2.8 5.6-6.1

eJIFCC2026Vol37No1pp51-62



Page 56

Evaluation of parathormone levels in chronic kidney disease

Figure 4: Distribution of calcium across distinct stages of CKD.

Figure 5: Distribution of magnesium across distinct stages of CKD.
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Figure 6: Distribution of phosphorus across distinct stages of CKD.

Table 4: One-Way ANOVA (Non-parametric) Kruskal-Wallis for different CKD- stages.

χ² df p ε²
PTH 23.34 2 < .001 0.1138
Calcium 4.11 2 0.128 0.0201
Magnesium 3.14 2 0.208 0.0153
Phosphorus 26.14 2 < .001 0.1275

Because the number of patients in stages of G2 and G5 is 
exceedingly small, with 9 and 2 patients respectively, in the 
following statistical tests these patients were excluded.
According to the Kruskal-Wallis test for non-parametric 
variables (Table 4), we saw significant differences in PTH 

levels between stages G3a and G4 (p<0.001), and G3b 
and G4 (p=0.001). For phosphorus, we noted differences 
between stages G3a and G3b (p=0.003), as well as G3a and 
G4 (p<0.001), and G3b and G4 (p=0.01). These differences 
reinforce the biochemical complexity of CKD progression.

After performing the Pearson correlation (Table 5), we can 
state the following: eGFR has a negative correlation with 
PTH (r= -0.360, p<0.001), magnesium (r= -0.153, p=0.028), 
and phosphorus (r= -0.336, p<0.001). The magnitude, or 
strength, of the association, is weak (0.3<|r|<0.5) between 

both eGFR and PTH, eGFR and phosphorus, and very weak 
(0.1<|r|<0.3) between eGFR and magnesium. EGFR also has 
positive correlation with calcium (r=0.169, p=0.015), and 
the magnitude, or strength, of the association, is very weak 
(0.1<|r|<0.3). 
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Figure 7: Correlation plot of eGFR and PTH.

Table 5: Pearson correlation.

Similarly, magnesium shares a positive correlation with 
PTH (r=0.229, p<0.001), calcium (r=0.205, p=0.003), and 

phosphorus (r=0.260, p<0.001). The magnitude, or strength, of 
the association, is very weak (0.1<|r|<0.3). 

eGFR PTH Calcium Magnesium Phosphorus
eGFR Pearson’ r 1 -0.36 0.169 -0.153 -0.336

df 204 204 204 204 204
p-value <0.001 0.015 0.028 <0.001

PTH Pearson’r -0.36 1 -0.1 0.229 0.002
df 204 204 204 204 204
p-value <0.001 0.154 <0.001 0.982

eJIFCC2026Vol37No1pp51-62



Page 59

Evaluation of parathormone levels in chronic kidney disease

Table 6: Regression analysis.

For all the correlations of eGFR that turned out to be 
statistically significant, we performed the regression analysis 

procedure to see if the variables have a predictive effect on each 
other (Table 6).

From the table we see that PTH as an independent variable can 
serve as a predictor of eGFR (t=-5.52, p<0.001). Estimating 
r2 we had quantified the percentage of this predictive effect. 
This means that, if we find an increased value of PTH, the 
probability of finding a decreased value of eGFR is calculated 
to be 13%. This predictive effect for magnesium is 2.3% and for 
phosphorus is 11.3%. 
Meanwhile, if we find a decreased value of calcium, the 
probability of finding a decreased value of eGFR is 2.9%. 
Linear regression also gives an equation that can be used to 
predict the value of a response variable based on the predictor 
variable. 
The formula for simple linear regression is Y = mX + b, where 
Y is the response (dependent) variable, X is the predictor 
(independent) variable, m is the estimated slope, and b is the 
estimated intercept. 
Using linear regression, we modeled PTH, calcium, magnesium 
and phosphorus as a function of eGFR:
PTH = (-2.04 × eGFR) + 183.32
Calcium = (0.013 × eGFR) + 8.88
Magnesium = (-0.006 × eGFR) + 2.27
Phosphorus = (-0.02 × eGFR) + 4.39
Examples: 
eGFR = 60 ml/min/1.73 m2 (G2) 
PTH = [(-2.04) x 60] + 183.32 = 60.92 pg/mL, (95% CI, 14.59 
- 136.4 pg/mL)
eGFR = 40 ml/min/1.73 m2 (G3b) 
PTH= [(-2.04) x 40] + 183.32 = 101.7 pg/mL, (95% CI, 40.8- 
162.6 pg/mL)

These examples illustrate how renal decline directly influences 
PTH secretion. 

Discussion
In our daily work in the laboratory, we have noticed that 
nephrologists often claim that their patients with chronic 
kidney disease have high parathormone levels. Considering the 
pathophysiology of chronic kidney disease and the involvement 
of the parathyroid gland and phospho-calcium metabolism 
[2], we undertook this study to discover possible correlations 
between parathormone, calcium, magnesium and phosphorus in 
patients with chronic kidney disease.
The prevalence of CKD in our study resulted in 4.6% which 
compared with global prevalence,>10% is lower [1]. The 
interpretation of this result is related to the fact that most of 
the patients with CKD live in low-income and lower-middle-
income countries, and a sizable proportion of these individuals 
lack access to kidney disease diagnosis, prevention, or 
treatment [4]. Albania is classified as an upper-middle-income 
country according to the World Bank, and our prevalence is 
inside the interval of the Europe region, where the adjusted 
CKD stages 1-5 prevalence varied between 3.31% (95% 
confidence interval [95% CI], 3.30% to 3.33%) in Norway and 
17.3% (95% CI, 16.5% to 18.1%) in northeast Germany, and 
the adjusted CKD stages 3-5 prevalence varied between 1.0% 
(95% CI, 0.7% to 1.3%) in central Italy and 5.9% (95% CI, 
5.2% to 6.6%) in northeast Germany [5]. 
Our sample has a slightly predominance of males 5.5% 
compared to females 3.9%. The higher CKD prevalence 
described in men go in the same line with experimental data 

Independent 
variable

b m t r2 p Dependent 
variable

PTH 183.32 -2.04 -5.52 0.13 <.001 eGFR
Calcium 8.88 0.013 2.45 0.029 <.001 eGFR
Magnesium 2.27 -0.006 -2.33 0.023 <.001 eGFR
Phosphorus 4.39 -0.02 -5.09 0.113 <.001 eGFR

Calcium Pearson’ r 0.16 -0.1 1 0.205 0.004
df 204 204 204 204 204
p-value 0.015 0.154 0.003 0.949

Magnesium Pearson’s r -0.153 0.229 0.205 1 0.26
df 204 204 204 204 204
p-value 0.028 <0.001 0.003 <0.001

Phosphorus Pearson’s r -0.336 0.002 0.004 0.26 1
df 204 204 204 204 204
p-value <0.001 0.982 0.949 <0.001
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showing the protective effects of estrogen and potential 
deleterious effects of testosterone on nondiabetic CKD [6], as 
well as data that indicate a higher incidence of kidney failure in 
men [7-8]. 
Distribution by age results in 40% older than 75 years and only 
22% were ≤65 years old, coinciding with literature reports 
which stated that chronic kidney disease stage 3-5 is common, 
especially in the elderly [9]. Indeed, the meta-analysis by 
Hill et al. assessed the impact of age on CKD prevalence and 
reported a linearly higher prevalence for CKD stages 1–5 
associated with advancing age, ranging from 13.7% in the 30- 
40-years old group to 27.9% in patients aged >70 to 80 years 
[10]. Similar trends were reported in the United States during 
2015 to 2016, where the prevalence of CKD stages 1–4 was 
5.6% among individuals aged 20 to 39 years and 44% among 
those aged >70 years [11].
Evaluating the descriptive analysis of the variables taken 
in the study, we concluded that their median is within the 
reference range, and in terms of distribution we noted that the 
biochemical parameters of patients have normal values, except 
for PTH which had an upper limit of IQR outside the reference 
range. These findings of biochemical parameters in CKD are 
reported also on Journal of Nephrology on September 2018, by 
Raman, M et al as an analysis of the Salford Kidney Study, a 
prospective, longitudinal, observational study of 2,667 patients 
with eGFR < 60 ml/min/1.73 m2 [12]. Most patients with CKD 
Stages 3–5 already have PTH values above the upper reference 
limit [13], which is confirmed by a more recent study of 2021 
by a cohort from Stokholm, Sweden [14]. 
Previous articles working on the establishment of age-adjusted 
reference intervals for parathyroid hormone in healthy 
individuals observed higher upper limit values of PTH in 
the elderly [15-16] corroborating our findings of age-related 
differences in PTH levels. 
Regarding the age-related differences for magnesium this is 
supported by several articles as aging seems to be a risk factor 
for inadequate magnesium levels due to reduced intestinal 
absorption, and this could be related to the decrease in vitamin 
D levels [17]. Another reason that supports this statement is the 
increased urinary excretion of Mg [18], because with advanced 
age, renal function and tubular reabsorption decline [19]. 
Most of our patients were in stage G3a and G3b with 44% 
and 38%, respectively. The same trend was reported from a 
United Kingdom retrospective laboratory audit study [20], and 
from a systematic review and meta-analysis of observational 
studies estimating CKD prevalence in general populations was 
conducted through literature searches in 8 databases [10].  
The trend of biochemical parameters in distinct stages of CKD 
highlights an increase in the median and IQR values for PTH in 
stage G4. The same findings were previously reported in Spain 
[21] [22], later in Taiwan [23], and most recently in India [24].
In the present study, the PTH and phosphorus levels 
progressively increased with the advancing stages of CKD, like 
that observed by Natikar et al. in 2020 [25], and Kumari et al in 

2024 [24]. The authors compared the level of PTH in patients 
of various stages of CKD. As the disease progressed, there was 
a progressive increase in the PTH level. 
In the current study we found a weak negative correlation 
between PTH and eGFR, which is in contrast with our Indian 
colleagues who had found a strong correlation of PTH and 
eGFR [24]. These differences are because they studied only 
stage 4 and 5 of CKD. Their results suggest that patients with 
CKD Grades 4 and 5 are at an 8.6 times higher risk of having 
increased serum PTH levels, and the prevalence of SHPT is 
amplified as the stage of CKD increases. 
Correlations found by us between eGFR and phosphorus are 
related in epidemiological studies with adverse outcomes in 
patients with CKD [26].

Conclusions
We concluded that there are statistically significant correlations 
between the CKD stage and PTH, calcium, magnesium, 
and phosphorus levels. However, the strength of these 
correlations is low, so results cannot be generalized. Therefore, 
individualized assessment is crucial in managing CKD patients. 
In addition, the results of this survey should be helpful for 
improving patient education, the importance of which is also 
endorsed by international experience [27-28]. 
We expect local health caregivers to treat their patients more 
individually and in general, to focus more on chronic kidney 
disease-mineral and bone disorder issues, which have been seen 
internationally.
Collectively, we believe we have a correct and careful 
assessment of SPTH that includes clinical assessment, patient 
symptoms, and laboratory results beyond PTH levels that 
justify the type and timing of treatment initiation.
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