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ABSTRACT

Introduction: The prevalence of bone mineral disorder is best known in end-stage renal
disease (ESRD) patients, but less data is available for the earlier stages.

Objectives: We aimed to compare the prevalence of bone metabolic disorder at all stages of
chronic kidney disease (CKD) and assess its contribution to CKD progression and patients’
outcome.

Patients and Methods: In a retrospective cohort study, CKD patients who were under
treatment for three years were selected from a nephrology clinic in Tehran, Iran. Patients’
demographic and laboratory data, as well as the outcome of their treatment were gathered
and analyzed.

Results: In 473 patients with an average age of 61.5, 60.1% were at stage III, 35.8% were at
stage IV, and 4.1% were at stage V of CKD. There was a significant relationship between CKD
stage and serum phosphate, calcium-phosphate product, and systolic blood pressure (SBP).
Furthermore, the patients’ outcome was significantly related to advanced stages of CKD,
higher first phosphate level, diabetes mellitus in medical history, and higher stages of SBP.
By multiple Cox regression analysis, after adjustment for glomerular filtration rate (GFR),
the first serum phosphate level, and the calcium-phosphate product did not contribute to the
undesirable outcome.

Conclusion: Although bone metabolic disorder is more frequently seen in advanced stages
of chronic kidney disease, these changes can be seen even in earlier stages of the disease. The
influence of phosphate abnormality in the patients’ outcome should be studied more in earlier
stages for better control.

Implication for health policy/practice/research/medical education:

By evaluating more than 470 patients with chronic kidney disease, our study shows the importance of earlier monitoring for
bone metabolic disorder in order to prevent further adverse outcomes of the disease and improve the prognosis of such a large
population of patients. Our results also denote the need for more research in earlier stages of chronic kidney disease and its

impact on bone metabolic disorder.

Please cite this paper as: Eftekharian K, Eftekhar Ardebili H, Shojamoradi MH, Samimi S. Bone metabolic disorder and its
contributing factors in patients with chronic kidney disease; a three-year cohort study. ] Renal Inj Prev. 2022; 11(1): e05. doi:

10.34172/jrip.2022.05.

Introduction

Bone metabolic disorder is one of the main complications
of chronic kidney disease (CKD) and has been evaluated
for its prevalence and symptoms in many studies. Based
on Hill and colleagues’ study, the estimated global

prevalence of CKD is 11% to 13% (1). This complication
is more prevalent in end-stage renal disease (ESRD)
patients; therefore, more focus has been put on studying
the prevalence of bone metabolic disorder in later stages
of the disease. However, less is known about the disease
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prevalence, its contributing factors, and how these factors
might impact the survival and patients’ outcome in earlier
stages of the disease.

Objectives

In the present study, the prevalence of the bone metabolic
disorder in the outpatient setting, at a nephrology clinic,
was investigated on admission. Our main objectives were
to clarify the prevalence of bone metabolic disorder at the
onset of treatment, identify affecting factors, and assess
the patients” survival.

Patients and Methods

Study design

Our retrospective cohort study was conducted on CKD
patients referred to a nephrology clinic in Tehran, Iran,
from December of 2016 until 2019. Patients with CKD,
defined as a reduction of glomerular filtration rate (GFR)
below 60 mL/min by CKD-EPI formula (2) for more than
three months and/or small size kidneys on ultrasound
study were included in the study. Another criterion for
inclusion was compliance with treatment in the three-year
interval in which patients’ files were examined. Exclusion
criteria were; proved malignancy at the start or less than
six months of follow-up, patients younger than 12 years
old, and patients who underwent renal replacement
therapy (RRT) at the start of therapy.

Patients’ data were retrieved from their files in the
affiliated nephrology clinic. These data included as
follows: gender (as the person identifies her or himself,
etc.), date of birth, the possible cause of CKD, first serum
creatinine, weight, first serum phosphate level, first serum
albumin level, first serum calcium level, first fasting blood
sugar (FBS), first systolic and diastolic blood pressure
(DBP), and the outcome of their treatment such as leading
to dialysis, kidney transplant or death in this three-year
interval. Data were gathered in a coded manner, and
patients’ identities were safely guarded. Patients’ GFR was
estimated by CKD-EPI formula (2). Reference ranges for
corrected calcium, phosphate, and calcium-phosphate
product was obtained from the National Kidney
Foundation’s modified Kidney Disease Outcomes Quality
Initiative (K/DOQI) classification of CKD and bone
metabolism disorder (3). Systolic blood pressure (SBP)
and DBP were classified based on the American College
of Cardiology/American Heart Association Hypertension
Guideline for blood pressure classification (4).

Data analysis

The data analysis was carried out using SPSS 26 sheet
software. The mean and standard deviation of continuous
data and the number and proportion of ordinal data were
calculated. For comparison of continuous variables with a
normal distribution and ordinal variables with continuous

variables, t test and ANOVA test were used, respectively. In
order to examine the ordinal data, the chi-square test was
used. Linear and binary regression models were applied
for linear and binary mapping of data. For simple variable
patient outcome examination, the Kaplan-Meier curve
and log-rank tests were used. For examining the multiple
variables, Cox-regression and chi-square tests were used.
A P value of less than 0.05 was considered significant.

Results

Baseline characteristics

A total number of 473 patients fitted our inclusion and
exclusion criteria and were enrolled in the study. The
patients’ age ranged from 16 years to 95 years (mean 61.5,
standard deviation 14.8). Around 57.9% of the patients
were male, and 42.1% female. According to the CKD-EPI
formula, 60.1% of patients were at stage III, 35.8% at stage
IV, and 4.1% at stage V of CKD. Possible causes of CKD
are demonstrated in Table 1. While the etiology of CKD
was unknown for most patients (40.6%), in the remaining
individuals, diabetes mellitus followed by glomerulopathy
were the most common underlying causes (39.9% and 9%,
respectively).

As demonstrated in Table 2, after categorizing the
patients’ serum calcium and phosphate levels according to
KDOQI guideline reference ranges(5), most patients have
normal phosphate and calcium levels. At more advanced
stages, there are more frequent disorders in the levels of
these electrolytes. Only three patients had higher than 55
mg?/dL? products of calcium and phosphate, two of whom
were at stage III CKD, and one was on stage V. No patient
had a calcium-phosphate product of higher than 72 mg*/
dr

The average amount of serum phosphate level in female
and male patients was 4.42 and 3.93 mg/dL, respectively,
and the difference was significant (ANOVA test, P
value=0.004). There was no significant difference in the
amounts of serum calcium level between female and male
patients (9.12 and 9.30 mg/dL respectively, ANOVA test,
P value=0.155). Parathyroid hormone (PTH) level was
documented for only 22 patients of the study population;
thus, PTH analysis was excluded from the study.

GER and its contributing factors
The values of the first systolic and DBP are demonstrated
in Table 1. We found no significant relationship between
the patient’s CKD stage and the first DBP (ANOVA test, P
value =0.96). However, there was a significant relationship
between the CKD stage and the first SBP (chi-square test,
Pvalue <0.001). The regression model for this relationship
had an R*number of 1%, and the model showed an average
increase of SBP of 5.2 mm Hg by each level increase of
CKD stage.

The level of FBS is demonstrated in Table 1; we found
no significant relationship between GFR and FBS (¢ test,
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Table 1. Patients’ demographic and basic data

Bone metabolic disorder in CKD

Total number CKI()Gzif:E/‘?)III CKI()3;t.a8§/°e)IV CKI?:;&::;& v
Age (y) 61.5+14.8 60.4+14.5 64.2+14.9 59.4+12.2
Gender
Female (42.1%) 85 (30.1%) 97 (57.7%) 13 (68.4%)
Male (57.9%) 187 (69.9%) 71 (42.3%) 6 (31.6%)
Primary kidney disease:
Unknown 167 (40.6%) 99 (42.7%) 54 (40.3%) 5(29.4%)
Diabetes 164 (39.9%) 84 (36.2%) 60 (44.8%) 9 (52.9%)
Glomerulopathy 37 (9%) 27 (11.6%) 7 (5.2%) 1(5.9%)
Urologic cause 15 (3.6%) 9 (3.9%) 5(3.7%) -
Polycystic kidney disease 15 (3.6%) 5(2.2%) 5(3.7%) 2 (11.8%)
Hypertension 6 (1.5%) 3(1.3%) 2 (1.5%) -
Renovascular stenosis 4 (1%) 3(1.3%) 1(0.7%) -
Diabetes and urologic cause 3(0.7%) 2 (0.9%) - -
Systolic blood pressure (mm Hg) 136+ 26.8 138+ 26.4 143+ 26.9 147.5+31.0
Diastolic blood pressure (mm Hg) 75+13.3 7.75+1.3 79.1+14 76.2+8.0
Fasting blood sugar (mg/dL) 128 + 68 125+ 64 132+77 130+57.2
Calcium (mg/dL) 9.2+0.7 9.3+0.7 9.1+0.8 8.9+0.6
Phosphate (mg/dL) 4.1+0.9 4+0.9 4.3+0.7 49+1.6

Values expressed as mean + SD or number (percent).

Table 2. Serum phosphate and calcium levels according to the KDOQI reference range (5)

CKD stage Percent N
Lower than the reference range In reference range Higher than the reference range
1 5.2 77.4 17.4
Serum phosphate I\ 1.7 77.1 21.2
\Y 7.7 76.9 15.4
1 5.7 94.3 0
Serum calcium I\ 6.8 90.4 2.7
\% 0 94.1 5.9

CKD, chronic kidney disease.

P value=0.81).

As shown in Figure 1, there was an inverse relationship
between the phosphate level and GFR. The relationship
was significant (P value=0.015), and the regression
model had an R?value of 17% and an intercept of 0.039,
i.e.,, each number decrease in GFR resulted in 0.039
increase in phosphate level. There was no significant
relationship between the first calcium level and the GFR
(P value=0.23).

Additionally, we found an inverse relationship between
the calcium-phosphate product and GFR (Figure 2). The
relationship was significant (P<0.001), and the regression
model had an R*value of 4.3% and an intercept of 0.13,
i.e., each number decrease in GFR lead to a 0.13 increase
in the calcium-phosphate product.

Predictors of outcome
We defined undesirable outcome as patient’s treatment
changing to dialysis, renal transplantation, or death. As

shown in Figure 3, the stage of CKD had a significant
impact on the patient’s outcome (log-rank or Mantel-Cox
test, P value<0.001), and in a binary regression model,
there was an odds ratio of -1.07, i.e., each number decrease
in patients GFR makes the odds of undesirable outcome
1.07 times higher.

As demonstrated in Figure 4, there was a significant
relationship between hyperphosphatemia (defined as
serum level more than 5.5 mg/dL) and undesired outcome
(log rank or Mantel-Cox test, P value=0.35).

Furthermore, there was a significant link between
history of diabetes mellitus and undesired outcomes
(Figure 5). The binary regression model showed an odds
ratio of 1.78, i.e,, if the patient had a history of diabetes
mellitus, there were 1.78 higher odds for the undesired
outcome. Regarding the stage of systolic hypertension,
as shown in Figure 6, there was a significant relationship
between the stage of systolic hypertension and undesired
outcome (log rank or Mantel-Cox test, P value=0.006).

http://journalrip.com

Journal of Renal Injury Prevention, Volume 11, Issue 1, March 2022 3


http://journalrip.com

Eftekharian K et al

Phosphate

Figure 1. Patients’ first phosphate level and its relationship with GFR.
GFR, glomerular filtration rate.

Calcium-phosphate product
S
o

Figure 2. Calcium-phosphate products relation with GFR. GFR,
glomerular filtration rate.

Hazard Function
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Undesirable outcome (weeks)

Figure 3. Undesirable outcome and CKD stage. CKD, chronic kidney
disease.

By using the binary regression model, there is a 2.19 odds
ratio for the undesired outcome, i.e., by each level increase
in the SBP stage, the odds of undesired outcome is 2.19
higher.

As shown in Table 3 by multiple variable Cox-regression
analysis, only GFR and diabetes mellitus contributed
independently to the wundesirable outcome. After
adjustment for GFR, the first serum phosphate level and
calcium-phosphate product did not contribute to the
undesirable outcome.
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Figure 4. Undesirable outcome and hyperphosphatemia are defined as
phosphate levels higher than 5.5 mg/dL.
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Figure 5. Undesirable outcome and diabetes mellitus as the cause of a
patient’s chronic kidney disease.
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Figure 6. Undesirable outcome and patients’ first systolic blood pressure.
(normal: below 120 mm Hg, elevated: 120-129, stage 1 hypertension:
130-139, stage 2 hypertension: higher than 140 as defined by American
heart association) (4).

Discussion

Given the high morbidity and mortality burden of
CKD-related bone metabolic disorders, in this study, we
demonstrate the prevalence of bone mineral abnormalities
and discuss its relationship with other factors that would
contribute to renal function and patients’ survival. The
mentioned findings were gathered from patients at earlier
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Bone metabolic disorder in CKD

Table 3. Cox regression modeling of undesirable outcome with related contributing factors

GFR

Diabetes mellitus

Phosphate level Calcium-phosphate product

Model 1 (GFR only)

Model 2

Model 3

Model 4

Model 5

Model 6

Model 7

P value < 0.001
Intercept = -0.08
P value < 0.001
Intercept =-0.08
P value < 0.001
Intercept =-0.14
P value < 0.001
Intercept =-0.11
P value < 0.001
Intercept =-0.15
P value < 0.001
Intercept = -0.15
P value < 0.001
Intercept =-0.15

P value = 0.001
Intercept = 0.69

P value = 0.28
Intercept = 0.50
P value =0.023
Intercept = 0.62
P value =0.25
Intercept = 0.54

Pvalue =0.19
Intercept = -0.35
P value = 0.69
Intercept= 0.01
Pvalue =0.23
Intercept =0.33
Pvalue =0.93
Intercept=0.02
Pvalue =0.12 P value =0.28

Intercept = 0.73 Intercept=-0.63

stages of CKD, in which lesser information was available
from previous researches.

In the present study, the evaluation of calcium,
phosphate, and calcium-phosphate product represented
that the majority of patients have a normal level of these
electrolytes according to KDOQI reference ranges (5).
The phosphate level and calcium-phosphate product were
significantly related to the function of kidneys. However,
a notable association between calcium level and GFR
was not observed. In this study, a significant difference
in phosphate level was presented between genders;
however, it is negligible due to the small contribution and
is probably related to the lower initial level of glomerular
filtration in the women in our study.

The results of similar cohort studies evaluating the
relationship between bone mineral abnormalities
with renal function and undesirable outcomes were
summarized in Table 4. Comparing this research with

Table 4. CKD cohorts in comparison

others, the results of Levin et al (6) and Kim et al (7) are
compatible with our findings, in which bone mineral
parameters are in the normal range up to advanced stages
of CKD (i.e., stages IV and V). Levin’s and Kim’s studies
demonstrated a generally stable calcium and phosphate
level until GFR decreased to <20 mL/min/1.73 m* and <15
mL/min/1.73 m? respectively (6,7).

Muntner et al (8), Levin et al (6), Yuste et al (9), and
Patel et al (10) concur on the inverse relationship between
serum phosphate level and eGFR. Our results mirror other
studies, including Patel et al (10) and Muntner et al (8),
in terms of calcium and renal function trends. However,
Yuste et al (9) reported contradictory results by finding a
significant relationship between mean serum calcium and
kidney function stage.

Optimal blood pressure control has been emphasized
as a vital goal to decelerate GFR reduction and reduce
cardiovascular disease risk (11). Our findings were

Sample Relationship with renal function Relationship with the undesired outcome
) Age Follow up - N
size Bone minerals Others Bone minerals Others
CKD stage (P value <
Ca (P value =
SBP (P value < 0.001) 0.001/0OR=-1.07)
+ .
:trjje"t 473 61258' 3 years 9'33031)'5; (CF;‘:?,“(J; DBP (P value = 0.966) P (P value = 0.015) Diabetes (OR=-1.07)
/ ’ _va;lue <’O 001) FBS (P value = 0.808) SBP (P value = 0.006/
’ OR=2.19)

GFR (P value < 0.001)

Levin et al Diabetes (P value = 0.3)

(14) 4231 31 months - - P (P value < 0.001) SBP (P value = 0.04)
DBP (P value = 0.01)

Liu et al 1126 60.0 + 3.38+1.08 . _ Ca (P value < 0.02/0OR=2.41) )

(17) 12.4 years P (P value < 0.01/OR=1.76)

Ca (Pvalue < HTN (P value = 0.02);
+
\a(lu(s;()e et 300 +6154'60 19&1;];2'1 0.001); P (Pvalue < Diabetes (P value = - -
- 0.001) 0.32)

Data are presented as mean + SD.

Note: Ca, calcium; P, phosphate; HTN, hypertension; CKD, chronic kidney disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting

blood sugar; GFR, glomerular filtration rate.
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congruent with previous studies in terms of the
relationship between blood pressure and CKD progression.
We determined that the SBP significantly increased
concurrently with renal function deterioration while no
such link was observed regarding the DBP. The results of
Lee et al (12) and Unni et al (11) both were consistent with
ours, showing a directly increasing SBP with GFR and
no significant relationship with DBP. Agarwal et al also
concluded that SBP was a stronger predictor of ESRD, as
opposed to DBP (13). However, Unni and colleagues (11)
showed a significant inverse trend for DBP in correlation
with GFR. Additionally, in our study, no substantial
relationship was found between FBS and GFR.

In our study, an adverse outcome (i.e., dialysis, renal
transplant, and death) was significantly related to the SBP,
history of diabetes mellitus, GFR, and serum phosphate
level. In regards to blood pressure, Agarwal et al (13)
similarly reported an increase in mortality concurrent
with elevated SBPs. However, in their study, low DBPs
further increased the mortality in patients with SBPs
greater than 170 mm Hg.

In addition to closely controlling patients’ blood pressure
and blood sugar (9,14-16), the following research has also
addressed the role of controlling metabolic bone diseases
in reducing the progression of CKD and mortality. Levin
et al (14) and Liu et al (17) similarly emphasized the
association of hyperphosphatemia with mortality.

Liu et al (17) demonstrated low mortality for patients
who achieved the target range for serum calcium, which
is not in agreement with our findings. Nevertheless, they
also pointed out that achieving regulated phosphate and
PTH simultaneously was associated with a lower risk of
mortality, beyond the effect of proper control of serum
calcium and PTH levels.

Although the present study provided useful data
regarding bone metabolic disorder in CKD patients,
it was not without limitations. Firstly, our study was
nonrandomized, retrospective, and restricted to a single
nephrology clinic; therefore, potential effects of various
treatment centers have not been evaluated. Secondly,
1.25 (OH), vitamin D was not gathered, and PTH was
not analyzed due to insufficient data (i.e., 22 patients),
preventing representative results. Finally, other related
factors, such as dietary restrictions and compliance with
various treatments, were not included in this study.
Our study was consistent with previous researches and
confirms the importance of regulating the serum level of
bone minerals, especially phosphate, in reducing patient
mortality. Our research presents that these variables are
mostly abnormal in the advanced stages of kidney failure.

Conclusion

Our study demonstrated that the majority of patients in
lower stages of CKD do not suffer from bone metabolic
disorder, and there is a significant relationship between

the kidney function and the level of serum phosphate and
calcium-phosphate product. We observed a significantly
higher SBP in more advanced stages of renal failure.
Regarding the patients’ outcome in a three-year follow-
up, we represented that the undesired outcomes of need
for dialysis or renal transplantation or death were related
to advanced stages of CKD, higher first phosphate level,
history of diabetes mellitus, and higher stages of SBP. In
our study, after adjusting for GFR, phosphate and calcium-
phosphate product did not contribute to the undesirable
outcome.

Limitations of the study

The shortcomings of our study were its non-random
nature and not having a control group. In addition, we
had few patients in stages II and V of CKD. We also were
unable to examine PTH and 25(OH) Vitamin D levels
due to lack of proper documentation in the patients’ files.
In this regard, we suggest further researches with a focus
on PTH levels and a bigger population of more extreme
stages of CKD (i.e., II and V).
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